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Abstract
Poor heart rate variability (HRV) among patients with 
coronary artery disease (CAD) is predictive of future 
incidence of sudden arrhythmic and all-cause death. 
Furthermore, mental stress appears to further depress HRV 
in these patients. Chronic aerobic activity level appears 
to be positively related to HRV among the general 
population; however, the extent to which this relationship 
exists among patients with CAD is not clear. Therefore, 
this study investigated the association between level of 
chronic aerobic activity and HRV among CAD patients during 
conditions of paced respiratory control and during the 
Stroop Color-Word Conflict Test (CWCT). CAD patients were 
assigned to one of three groups based on their documented 
volume of aerobic activity: lour = 240-630 kcals/week; mod 
= 720-920 kcals/week; and high = 1020-1800 kcals/week. 
These groups did not differ in age, Body-Mass-Index, or 
score on the Minnesota Multiphasic Personality Inventory 
for Overcontrolled Hostility. Time and frequency domain 
measures of HRV were derived from ECG data obtained during 
10 minutes of paced respiratory control and 5 minutes of 
performing the CWCT. There was a main effect of activity 
level (p<.05) on the standard deviation of R-R intervals 
(SDrr) and the total spectral power (TP) such that these 
dependent variables were greater in the high group than in 
the low or mod group. There were no differences in 
normalized units for high-frequency or low-frequency power
iv
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(HF and LF, respectively). Furthermore, there was a main 
effect of the test condition on SDrr and TP, both of which 
were lower during the CWCT as compared to the paced 
respiratory control condition. There were no differences 
in normalized units of HF or LF power as a result of the 
CWCT. The results indicate that, among patients with CAD, 
a high level of chronic aerobic activity is associated with 
higher HRV and potentially, therefore, better health 
outcomes. However, there were no differences in HRV 
reactivity to mental effort associated with activity level.
v
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Introduction
Rationale
Sudden arrhythmic death is responsible for a 
significant number of deaths in this country, particularly 
among patients with a prior history of ischemic heart 
disease, myocardial infarction (MI), and/or congestive heart 
failure (CHF) (Fozzard, 1985; Gilpin, Koziol, & Madsen, 
1983; Goldstein, 1989; Helmers & Lundman, 1979; Kannel, 
Sorlie, & McNamara, 1988; Kempf, & Josephson, 1984; Moss, 
DeCamilla, & Davis, 1977; Sanz, Costaner, & Bertri, 1981).
Whereas it was once believed that dangerous rhythms 
such as ventricular tachycardias and fibrillation were 
manifestations of high electrical disorder (chaos) within 
the cardiovascular (CV) system (see Goldberger & West, 
1987), it is now clear that such arrhythmias appear more 
commonly among individuals demonstrating highly periodic 
cardiac electrical activity. In other words, low heart rate 
variability (HRV) is associated with higher incidence of 
mortality due to sudden arrhythmic death (Binder et al., 
1992; Cassolo et al., 1992; Farrell et al., 1991; Kleiger, 
Miller, Bigger, & Moss, 1987; Kleiger, Miller, Krone, & 
Bigger, 1990; Kleiger, Stein, Bosner, & Rottman, 1992; 
Odemuyiwa, Malik, Farrell, Bashir, Poliniecki, & Camm, 1991; 
Rich et al., 1988; Wolf, Varigos, Hunt, & Sloman, 1978). 
Similarly, among patients with known CV diseases, low HRV 
has been associated with higher incidence of all-cause 
mortality (Kleiger et al., 1987; Odemuyiwa et al., 1991).
1
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Heart rate variability has been evaluated in the time 
domain, by measuring the standard deviation of successive R- 
waves (SDrr) of the ECG signal collected over periods of 
time ranging from as little as the time required to collect 
30 R-R intervals to as long as 24 hours (Kleiger et al., 
1991; Stein, Bosner, Kleiger, & Conger, 1994). Recently, 
power spectral analysis of the ECG signal has provided for 
measuring HRV in the "frequency domain". This method 
provides an index of overall HRV (i.e. total spectral 
power), which approximates the variance of the R-R interval 
data (SDrr2). Both SDrr and total spectral power are 
predictive of sudden arrhythmic and all-cause death (Stein 
et al., 1994). Furthermore, frequency domain measures are 
thought to provide an advantage over "time domain" measures 
in that they offer some information about the relative 
contributions of sympathetic- and parasympathetic-mediated 
cardiac chronotropic function. Spectral power associated 
with the high-frequency band (between 0.15 and 0.40 Hz) has 
been identified as an indicator of vagal activity (Stein et 
al., 1994), whereas the power output in the low-frequency 
band (between 0.04 and 0.15 Hz) is known to be partly 
dependent upon sympathetic tone (Stein et al., 1994), but 
also reflects some modulations in parasympathetic tone due 
to baroreceptor activity (Bigger et al., 1992? Goldberger, 
Ahmed, Parker, & Kadish, 1994). The power output below 0.04 
Hz is thought to represent fluctuations that obviously occur 
very slowly and are possibly due to circadian rhythms and
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peripheral vasomotor and thermoregulatory systems (Stein et 
al., 1994). Low relative power outputs in the high- 
frequency range have been associated with low HRV and 
increased incidence of sudden arrhythmic death, particularly 
among patients with a history of MI and/or CHF (Bigger et 
al., 1992). Therefore, it has been suggested that HRV seems 
to be most profoundly affected by parasympathetic tone 
(Bigger et al., 1988; Kleiger et al., 1992; Pomeranz et al., 
1985). For reviews on frequency and time domain analyses of 
HRV see Malliani, Pagani, Lombardi, and Cerutti (1991), 
Stein et al. (1994), and vanRavenswaaij-Arts, Kollee, 
Hopman, Stoelinga, and vanGeijn (1993).
It is therefore reasonable to hypothesize that any 
treatment thought to result in enhancement of vagal tone, 
and presumably HRV, may be of particular benefit in reducing 
risk of sudden arrhythmic death, particularly among diseased 
individuals.
Chronic aerobic activity is known to promote cardiac 
vagal tone among the general population (Bryan, Ward, & 
Rippe, 1992; Froelicher & Hammond, 1985; Smith, Hudson, 
Graitzer, & Raven, 1989). However, the extent to which this 
effect is manifested as enhanced HRV among individuals with 
coronary artery disease (CAD) is not clear. Although 
limited, the data that are available suggest an effect of 
physical activity level on HRV in this diseased population 
(Han, Bachmann, Togo, Hammamoto, & Yamamoto, 1995). Such a 
response, if indeed present, might explain, at least in
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part, the reduced incidence of both fatal and non-fatal Mis 
that have been reported as a consequence of participation in 
exercise-based cardiac rehabilitation programs (Hedback, 
Perk, & Wodlin, 1993; O'Connor, Buring, & Yusuf, 1989; 
Oldridge, Guyatt, Fischer, & Rimm, 1988).
Acute mental effort, on the other hand, is known to 
elicit transient periods of parasympathetic withdrawal, and 
consequently, lower HRV (Allen & Crowell, 1989; deGeus, 
vanDoomen, deVisser, & Orlebeke, 1990; Grossman, Stemmier, 
& Meinhardt, 1990; Grossman & Sveback, 1987; Pagani et al., 
1991; Porges, 1992). This phenomenon presumably places an 
individual at greater risk for onset of sudden death 
syndrome, and may, in part, explain the relationship between 
reactivity to mentally stressful tasks and morbidity and 
mortality due to CV diseases (see Plowman, 1994, for a 
recent review).
It was therefore the purpose of this investigation to 
examine whether or not groups of patients with CAD that 
differ in their levels of chronic physical activity 
demonstrate significantly different levels of HRV. Further, 
it was of interest to identify any possible effects of 
different levels of chronic activity on changes in HRV 
during periods of mental effort. Such information may 
provide further insight as to the cardio-protective nature 
of an active lifestyle, particularly among patients with 
ischemic heart disease.
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To date, only one human training study has addressed 
the issue of level of physical activity and HRV during 
mental effort (deGeus et al., 1990). These authors reported 
no significant training-related differences in changes in 
HRV evoked by the performance of a reaction-time task. 
However, the subjects were young and apparently healthy, and 
presumably were not compromised with respect to autonomic 
function.
The effect of mental effort among post-MI patients with 
respect to HRV has been studied. Bigger et al. (1988) have 
demonstrated that in the first few weeks following MI, 
patients typically demonstrate low HRV and do not experience 
further significant diminution of HRV during mental 
arithmetic. However, following 3 months of recovery, these 
same post-MI patients regained some parasympathetic tone 
(high-frequency power) and along with it, augmented HRV. 
However, during mental arithmetic they also demonstrated 
significant parasympathetic withdrawal and lowered HRV. 
Hypotheses
It was the main hypothesis of this investigation that 
level of activity among CAD patients would be positively 
associated with HRV during both paced respiratory control 
and acute mental effort. Furthermore, it was hypothesized 
that the change in HRV from paced respiratory control to 
mental effort would be negatively associated with level of 
chronic physical activity.
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Specific Questions to be Answered
1. Do groups of CAD patients that differ with regard to 
volume of chronic activity also differ in HRV during paced 
respiratory control?
2. Does the stress-induced response in HRV differ between 
these groups of CAD patients?
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Method
Subjects
Three groups of 14 CAD patients (n=42) were formed 
according to the following protocol: Eighty-four
participants of an exercise-based cardiac reconditioning 
program were solicited to participate in this study, eight 
of whom could not participate due to significant arrhythmias 
such as atrial fibrillation, and frequent premature 
ventricular complexes. Four others declined to participate 
in the study- Of the remaining 72 participants, all were at 
least 6 months post-cardiac event, and had been enrolled in 
the exercise program for a period of at least 6 months and 
no more than 24 months. This sample was stratified 
according to their documented weekly volume of aerobic 
activity performed at the exercise facility. The
participants were then assigned to one of the following 
groups: the quartile (n=18) with the lowest documented
exercise volume (low); the quartile (n=18) with the highest
documented exercise volume (high)-, and those patients 
representing the middle 25% of scores (n=18) regarding 
exercise volume (mod). The remaining 18 patients were not 
considered in the analyses. Fourteen subjects were then 
selected from each group via stratified random sampling, 
which was performed in such a fashion so that no group 
differences in gender or in number of post-MI patients would 
exist. This number of patients per group (n=14) was
achieved as a result of a power analysis based on the
7
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results from vandenHomberg, Dekker, and Schouten (1995), and 
the power of the test set at 0.95. The groups were also 
evaluated for differences in age, race, body composition, 
history of hypertension, and hostility.
Materials
A Biopac MP100 (Biopac Systems, Inc., 1994) data 
acquisition system was used to capture, process, and analyze 
the ECG signal. This system makes use of the AcqKn awl edge 
ACK100 (Biopac Systems, Inc., 1994) software program. The 
standard body-mass-index (BMI) was employed as an index of 
body composition. Hostility was measured using the 
Minnesota Multiphasic Personality Inventory (MMPI) 
(Hathaway, McKinley, & the MMPI Restandardization Committee, 
1989). All other demographic information was obtained 
through medical records and/or personal interview with the 
patient.
Assessment of Activity Level
Documented exercise session data (intensity, duration, 
frequency) from the past 12 weeks of aerobic activities was 
used to estimate exercise volume. These estimations were 
derived by applying the ACSM (American College of Sports 
Medicine, 1995) equations for energy expenditure during 
treadmill walking and stationary-cycle ergometry.
Procedure
Each patient reported to the laboratory 12 hours post­
prandial and 12 hours post-beta blockade therapy. Upon 
arriving to the laboratory, the patient signed a standard
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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informed consent form, filled out a medical questionnaire, 
and answered the 28 MMPI inventory items that relate to 
overcontrolled hostility. The patient was then measured for 
height and weight using standard laboratory techniques from 
which BMI, an index of body composition, was derived (see 
Verrill et al., 1994, for recommendations for body 
composition assessment in post-cardiac event patients). ECG 
electrodes were then placed on the patient in a standard 
three-lead configuration and the leads from the Biopac MP100 
ECG module were attached such that the electrical activity 
of the heart was obtained from the "Lead-II" perspective. 
The patient was then asked to sit quietly for a period of 10 
minutes. The patient then performed a paced respiratory 
control task for 10 minutes. Thereafter, the patient was 
given instructions regarding the performance of the Stroop 
Color-Word Conflict Test (Stroop, 1935), which has been 
validated as a useful tool for eliciting mental effort 
(Seraganian, et al., 1985). The patient was then asked to 
perform the Stroop task for a period of 5 minutes.
Paced Respiratory Control. During this phase of the 
investigation, the patient was instructed to pace his or her 
breathing in such a fashion that each respiratory cycle 
would be approximately 5 seconds in length. A timer with a 
sweep second hand was provided so as to assist the patient 
in timing his or her respirations. The patients were then 
given an opportunity to practice pacing their respiration 
for a period of 1 minute, and were then instructed to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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perform this activity for 10 minutes, during which 
continuous ECG data were acquired.
Stroop Color-Word Conflict Test. Following the paced 
breathing session, the patient received instructions for 
performing a version of the Stroop Color-Word Conflict Test 
wherein the patient was asked to verbally indicate the color 
of ink in which the names of common colors were written as 
they appeared on 3" x 5" index cards. This activity was 
performed for 5 minutes during which continuous ECG data 
were obtained.
Data Acquisition
ECG data were collected in real-time and also plotted 
as a tachogram of heart period, defined as the time period 
of each R-R interval (reported in milliseconds). The ECGs 
(and tachograms) were visually inspected for non-sinus 
beats, which, when found, were removed from the data. The 
tachograms were then resampled at a rate of 4.0 Hz, and then 
evaluated for the standard deviation of all R-R intervals 
(SDrr). The spectral power density of the tachogram wave 
form was then derived via the squared modulation of a linear 
fast Fourrier transformation (FFT). This transformation 
requires a number of data points equal to a power of 2. 
Since 5 minutes of data sampled at 4.0 Hz results in the 
acquisition of 1200 data points, 1024 (2X0) points acquired 
during the five minute Stroop test were evaluated. 
Similarly, 2048 (211) points from the 10-minute paced
respiratory control period were analyzed. The resultant
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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power density spectra was then analyzed for total power 
output (0.01-0.50 Hz), low-frequency power output (0.04-0.15 
Hz), and high-frequency power output (0.15-0.40 Hz). The 
low- and high-frequency outputs were normalized by dividing 
each by the total power. Furthermore, a measure of 
sympathovagal balance was derived by dividing low-frequency 
power by high-frequency power (LF/HF). The power output 
below 0.04 Hz was not considered in the present study as 
there is little value to characterizing fluctuations at this 
frequency length subsequent to relatively short periods of 
data acquisition (Pagani et al., 1991).
Mean heart rate, which is a measure of central 
tendency, was not addressed in the present investigation. 
Rather, it was the interest of this study to characterize 
the variation in the length of the cardiac cycle because of 
its relevance to risk of sudden arrhythmic death. 
Certainly, there may exist a relationship between the mean 
and variance of the beat-to-beat intervals; however, in 
considering the narrow range of expected values for the 
length of R-R intervals during paced respiratory control and 
the Color-Word Conflict Test, such a relationship was not 
expected. Furthermore, mean heart rate reflects not only 
the influence of the autonomic nervous system, but also 
intrinsic heart rate (Bemtson, Cacioppo, & Quigley, 1991). 
Whereas, at present, HRV is thought to more specifically 
address the concept of autonomic control apart from 
intrinsic rhythmicity. Certainly, however, this author
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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recognizes the potential importance of information regarding 
associations between activity level and mean heart rate. 
Therefore, a statistical analysis of mean heart rate data is 
provided in Appendix H. of this dissertation.
Data Analysis
Group differences (p<0.20) in age, BMI, history of 
hypertension, race, and rating of hostility were determined 
by analysis of variance. Any significant differences in the 
above independent measures were to result in their inclusion 
as covariates in a 3x2 repeated-measures multiple analysis 
of variance which was used to determine group differences in 
time domain (SDrr) and frequency domain (total, normalized 
low and high-frequency power, and LF/HF) measures of HRV 
during paced respiratory control and during mental stress. 
An alpha of p<0.05 was used to determine significant 
differences. Where indicated, group differences were 
identified according to Tukey's method of post-hoc testing.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Results
Group assignment yielded a I ok group (n=14) with a 
caloric expenditure ranging from 240 to 630 kcals/week, the 
mod group (n=14) ranged from 720 to 920 kcals/week, and the 
high group (n=14) ranged from 1020 to 1800 kcals/week. Each 
group had six post-MI subjects and eight subjects without a 
history of MI. The low and mod group each had six subjects 
with a history of hypertension, while the high group 
contained five hypertensive subjects. There were no group 
differences in race, as all the participants were Caucasian, 
nor were there any differences (p>0.20) in age, BMI, or 
hostility. The descriptive statistics for the above are 
listed in table 3.1.
Table 3.1






mean (sd) mean (sd) mean (sd)
Age 72.0 (10.3) 70.5 (8.3) 70.9 (6.7)
BMI 26.0 (2.4) 27.6 (3.9) 27.9 (3.0)
MMPI-OH 12.3 (3.4) 11.8 (2.5) 12.4 (2.5)
sd = Standard Deviation 
BMI = Body Mass Index
MMPI-OH = Raw Score on the Minnesota Multiphasic Inventory for 
Overcontrolled Hostility.
13
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Transformations of the data were required before 
performing the general linear model repeated measures 
MANOVA. Natural log (In) transformations of SDrr and total 
power were employed, as was the square root of the 
normalized units of low- and high-frequency spectral power 
and the low/high-frequency ratio. The MANOVA revealed 
significant main effects of both activity level and the 
testing condition on In SDrr (p<0.05) and In total power 
(p<0.05). Performance of Tukey's post-hoc follow-up test 
revealed that the values for these two dependent measures 
were significantly greater in the high group than in the 
mod or low groups under both test conditions, and that the 
low and mod group were not significantly different from one 
another (see figures 3.1 and 3.2). Furthermore, each group 
presented significantly lower values for each of these 
variables during the Stroop Color-Word Conflict Test than 
during the paced respiratory control. There were no other 
significant main or interaction effects. The values for all 
the dependent measures cure listed in table 3.2.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 3.2





PRC CWCT PRC CWCT PRC CWCT
SDrr (msec) 25.6 21.7 21.7 19.8 35.5 30.2
14.7 8.5 10. 7 6.1 13.1 23.0
In SDrr 3.10 3.01 3.02 2.89 3.48 3.34
0.54 0.38 0.41 0.37 0.43 0.38
Total Power 758 492 608 424 1499 869
(msec2) 882 374 624 375 1389 784
In Total Power 6.16 5.96 6.03 5.82 6.84 6.49
0.99 0. 71 0.86 0. 72 1.00 0. 73
Low-freq (nu) 0.32 0.27 0.27 0.26 0.26 0.25
(0.04-0.15Hz) 0.22 0.16 0.21 0.13 0.19 0.14
Sqrt Low-freq 0.54 0.50 0.49 0.49 0.49 0.48
0.19 0.15 0.19 0.13 0.18 0.14
High-freq (nu) 0.28 0.27 0.21 0.26 0.41 0.36
(0.15-0.40Hz) 0.22 0.22 0.13 0.15 0.29 0.20
Sqrt High-freq 0.49 0.49 0.44 0.49 0.59 0.58
0.20 0.18 0.14 0.13 0.26 0.17
LF/HF 2.74 1.64 1.73 1.24 1.93 1.00
4.11 0.92 1.51 1.02 3.16 0.86
Sqrt LF/HF 1.38 1.22 1.21 1.05 1.10 0.92
0.86 0.40 0.55 0.39 0.88 0.40
sd = standard deviation
SDrr = standard deviation of all R-R intervals
nu = normalized units
In = natural logarithm
Sqrt = square root
Freq = frequency
LF/HF = low-frequency power (in normalized units)/ high-frequency 
power (in normalized units).














□  PRC 
0  CVCT
Activity Level
Figure 3.1 Effects of Activity Level and Mental Effort on 
SDrr
PRC = paced respiratory control condition 
CWCT = Stroop Color-Word Conflict Test condition 
* = significant difference due to main effect of activity 
level (p<0.05)
** = significant difference due to main effect of test 
condition (p<0.05)
















□  PRC 
ED CWCT
Activity Level
Figure 3.2 Effects of Activity Level and Mental Effort on 
Total Spectral Power
PRC = paced respiratory control condition 
CWCT = Stroop Color-Word Conflict Test condition 
* = significant difference due to main effect of activity 
level (p)<.05)
** = significant difference due to main effect of test 
condition (p<0.05)
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Discussion
The present investigation sought to stratify CAD 
patients according to volume of documented exercise 
behavior. Similarly, Jacobs, Hahn, Haskell, Pirie, and 
Sidney (1989) estimated weekly energy expenditure during 
moderate-to-heavy exercise among the adult population. By 
comparison, the patients in the mod and high groups of the 
present study would be considered in Jacobs et al.'s top 
quartile (>576 kcals/week), whereas the patients in the low 
group appear to have at least a moderate amount of energy 
expenditure, with number of kcals per week falling in the 
second and third quartiles (and 217-363 kcals/week and 364- 
576 kcals/week, respectively). This suggests that the 
patients in this maintenance level cardiac reconditioning 
program exhibit a moderate to very high level of activity. 
However, it also suggests that the association between 
chronic aerobic activity and HRV discussed herein cannot be 
extended to older individuals with a very low involvement in 
exercise.
Recent epidemiological evidence suggests that a SDrr 
lower than 50 msec is associated with a relative risk of 
5.3 for 30-month sudden death compared to a SDrr above 50 
msec (Kleiger, 1995). Therefore, it appears that the 
patients studied herein possess some undesirable degree of 
risk associated with low HRV, regardless of activity level. 
With other investigators having demonstrated similar values 
for SDrr in diseased patients (Kleiger et al., 1990, Pagani
18
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et al., 1991, Stein et al., 1994), it is quite tempting to 
attribute the low HRV of these patients to their disease 
state. However, the relatively old age of these patients is 
likely to have contributed to their poor HRV as well 
(vandenHombergh et al. 1995).
As hypothesized, however, those subjects demonstrating 
the greatest volume of chronic aerobic exercise, 
demonstrated a significantly higher HRV than their less 
active counterparts under both test conditions. This is 
demonstrated in the time domain by a significantly greater 
SDrr, and in the frequency domain by a greater total power 
in the high group as compared to the low and mod groups. 
Because of the appearance of a negative linear relationship 
between HRV and risk of sudden death (Bigger et al., 1992), 
one can surmise that the patients in the high activity level 
group are at a somewhat lower degree of risk relative to the 
those in the low and mod active groups.
In addition to providing a measure of overall HRV (i.e. 
total power), frequency domain analysis of ECG tachograms 
has also been used to make inferences about the relative 
contributions of both branches of the autonomic nervous 
system to HRV. High-frequency power output (0.15-0.50 Hz), 
is thought to quantify the influence of the parasympathetic 
branch of the ANS (Stein et al., 1992), and has been 
positively correlated with total spectral power (Stein et 
al., 1994). In the present study, however, despite the 
higher total power for the high activity level group, no
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significant group differences in normalized units of high- 
frequency power were detected. Rather, a trend (p=0.09) 
towards greater high-frequency power among the most active 
subjects was suggested (see figure 4.1). Although this 
relationship did not reach statistical significance, it 
should be considered important in light of evidence linking 
chronic aerobic activity to augmented vagal tone (Bryan et 
al. 1992; Froelicher & Hammond, 1985; Smith et al., 1989).
Additionally, there were no group differences in 
normalized units of low-frequency power, which is thought to 
convey the relative input of the sympathetic nervous system 
(Stein et al., 1992). Recent work, however, suggests that 
the low-frequency band reflects both sympathetic and vagal 
activity (Jokkel, Bonyhay, & Kollai, 1995). Jokkel et al. 
demonstrated a significant amelioration of low-frequency 
power subsequent to the administration of atropine, a 
cholinergic antagonist. Furthermore, administration of 
propranolol resulted in a less dramatic decrease in low- 
frequency power than that which was realized during vagal 
blockade. Therefore, at present, the validity of making 
inferences about certain aspects of autonomic control from 
frequency domain analyses of ECGs remains problematic.
In general, the values for normalized low- and high- 
frequency power are reasonable. However, they appear to be 
more consistent with values reported for healthy individuals 
(Sacknoff, Gleim, Stachenfield, & Coplan, 1994) as compared 
to somewhat higher normalized low-frequency power among
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diseased populations (Pagani et al., 1991). The augmented 
low-frequency contribution among diseased subjects is 
thought to reflect the hyperadrenergic state that 
accompanies cardiac injury or failure (Bigger et al., 1988). 
Not surprisingly, measures of HRV reported for these 
diseased patients are often the result of data collected 
during periods of distress or within a few days or weeks of 
some cardiac event. Whereas, in the present investigation, 










Figure 4.1 Activity Level vs. High-Frequency Power 
nu = normalized units
The response to the Stroop Color-Word Conflict Test was 
as expected in the sense that previous work has demonstrated
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a decrease in overall HRV (Pagani et al., 1991) during 
mental effort. Such a response potentially describes the 
risk of mortality due to CV diseases associated with mental 
stress. However, it had been an hypothesis of this 
investigation that there would be an interaction between the 
condition of the test and activity level; that the patients 
with the highest level of activity would demonstrate the 
smallest decrement in overall HRV. The absence of such a 
finding in the present study suggests that there is no 
association between activity level and reactivity to the 
Stroop Color-Word Conflict Test. This stands in support of 
the position taken by deGeus et al. (1990), which suggests 
that activity is likely related to absolute values for some 
aspects of cardiac control at any particular level of mental 
effort, but that level of chronic activity does not appear 
to attenuate the magnitude of the stress response.
Interestingly, the stress-induced decrease in total 
spectral power was not accompanied by significant changes in 
the relative contributions of normalized low and high- 
frequency power. Typically, stress reactivity is thought to 
involve augmented sympathetic drive and withdrawal of vagal 
tone (deGeus, 1990). In subjects without coronary artery 
disease such a response has been inferred from heightened 
low-frequency and decreased high-frequency power during 
mental effort (Pagani et al., 1991). However, coronary 
artery disease patients have demonstrated decreased HRV with 
no change in normalized low- and high-frequency power output
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(Pagani et al., 1991). In light of the results of Jokkel et 
al. (1995), it is difficult to infer no change in 
sympathovagal balance, for if their model is correct, an 
increase in symapthetic drive concurrent with vagal 
withdrawal could result in no significant changes in 
relative low- and high-frequency power. Of course it is 
possible that the stress-induced decrease in total power is 
a reflection of both sympathetic and parasympathetic 
withdrawal. Bemtson's (Bemtson et al., 1991) model of 
autonomic control suggests that the two branches of the 
autonomic nervous system do not necessarily act 
reciprocally, and that at rest the heart appears to be more 
reactive to small changes in parasympathetic tone as 
compared to changes in sympathetic tone. Therefore, similar 
decreases in the activity of both autonomic branches may 
actually result in a change in cardiac chronotropic function 
resembling that which would occur with increased sympathetic 
drive. Because of the problems in interpreting frequency 
domain information, it would not be prudent to draw specific 
conclusions regarding specific changes in autonomic control.
Regardless of the present problems surrounding 
frequency domain data, the available epidemiological 
evidence clearly indicates that below 50 msec, decreasing 
SDrr is associated with increased risk of sudden arrhythmic 
death as well as all-cause death. Therefore, the 
relationship described herein between the level of chronic 
aerobic activity and HRV among patients with coronary artery
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disease has profound implications regarding the role of 
physical exercise in clinical management of ischemic heart 
disease. The notion that activity level and measures of 
overall HRV are related is supported by Sacknoff et al. 
(1994), who in comparing young athletes to more sedentary 
age-matched counterparts demonstrated greater HRV among the 
former. However, recent training studies of older 
(vandenHomberg et al., 1995) and middle aged (Boutcher & 
stein, 1995) individuals have failed to demonstrate 
improvements in HRV, and among post-cardiac event patients, 
only one recent abstract (Han et al., 1995) has suggested 
such a training effect. Therefore information regarding a 
training effect on HRV is scant and equivocal.
In conclusion, it is clear that before a cause and 
effect relationship between activity and HRV can be 
inferred, more extensive training studies are needed, and 
although the relationship established herein does not 
suggest cause and effect, it does add to the body of 
knowledge which stands in support of exercise-based 
reconditioning programs for patients with coronary artery 
disease. Furthermore, although it appears that activity 
level is not related to the stress reactivity of HRV, the 
finding that greater absolute HRV is maintained during 
mentally effortful tasks suggests a potential cardio­
protective benefit of chronic aerobic activity.
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Chronic Aerobic Activity, Aerobic Power, and Cardiovascular 
Adjustments During Mental Effort
Among humans, periods of psychological challenge have 
resulted in the adjustment of cardiovascular (CV) system 
function as indicated by changes in heart rate (HR), blood 
pressure (BP), total peripheral resistance (TPR) and other 
indices of central and systemic CV function. The nature of 
these changes cure similar to those observed during periods 
of physical effort; however, during psychological stress 
there is no concomitant change in metabolic demand as 
measured by oxygen uptake (Blix, Stromme, & Ursin, 1974; 
Langer, Obrist, & McCubbin, 1979; Sherwood, Allen, Obrist, & 
Langer, 1986; Stoney, Langer, & Gelling, 1986). Among the 
earliest studies in this area was that of Blix et al. who 
observed that air traffic control workers demonstrated heart 
rates in excess of that which would have been predicted 
based on their oxygen consumption. Hence, they coined the 
term "additional" HR, which has since been applied to 
psychologically-induced changes in other CV parameters.
There appear to be considerable inter-individual 
differences as to the magnitude of observed changes in CV 
function during psychological challenge in humans. Stress- 
induced cardiovascular adjustments appear to be relatively 
small in some individuals, while among others, adjustments 
have appeared to be quite exaggerated. Exactly what level 
of reactivity is considered "exaggerated" is not entirely 
clear. Some authors suggest certain criteria for such a
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determination. For example, Morales-Ballejo, Eliot, Boone, 
and Hughes (1988) purport a continuum based on levels of BP 
reactivity to mental stress. They describe the existence of 
five categories: low-normal, high-normal, borderline,
moderate, and severe. However, problems with inter-task 
reliability of CV reactivity, as will be discussed later, 
limit the usefulness of strictly defined criteria. 
Therefore, the term "exaggerated" remains somewhat 
subjective and relative to the involved antecedent.
Nonetheless, "exaggerated" CV reactivity during periods 
of psychological stress has been associated with increased 
morbidity and mortality due to CV diseases, such as 
hypertension and coronary artery disease (Beere, Glagov, & 
Zarsins, 1984; Falkner, Onesti, Angelakos, Fernandez, & 
Langman, 1979; Fleming, Baum, Davidson, Rectanus, & 
McCardle, 1987; Fredrikson & Matthews, 1990; Keys, Taylor, 
Blackburn, Brozek, Andersen, & Simonson, 1971; Krantz & 
Manuck, 1984; Manuck & Garland, 1990; Manuck, Kaplan, & 
Clarkson, 1983; Manuck, Olson, Hjemdahl, & Rehnqvist, 1992; 
Matthews, Manuck, & Saab, 1986; Menkes et al., 1989; 
Obrist, 1976; Obrist, 1981; Turner, 1989). Though the exact 
nature of the hypothesized relationship between CV 
reactivity and disease state is unclear, Plowman (1994) 
outlines at least six possible relationships between the 
two; that hyperreactivity may:
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1. Potentiate vascular and target-end organ complications 
of already present hypertension.
2. Be a marker for increased risk of hypertension due to 
its association with another, as yet unidentified, 
factor, which is truly pathogenic, whereas high 
reactivity itself has no direct role.
3. Play a direct causal role in the pathogenic process 
without requiring the presence of or interaction with 
another pathological variable.
4. Directly contribute to the pathological process, but 
only if exposure to real life stressors (economic 
factors, occupational strain, social support, daily 
hassles, life events) of sufficient intensity and 
consistency occurs.
5. Contribute to the pathogenic process by modifying the 
influence of another pathogenic factor.
6. Be totally unrelated to cardiovascular diseases of any 
type.
Furthermore, it should be mentioned that not all of the 
above are mutually exclusive of one another and that certain 
possible combinations exist. For example, hyperreactivity 
may play a direct role in the pathogenesis of hypertension 
and may also interact with another risk factor such as poor 
body composition to further exacerbate the condition. 
Whatever the case, there is sufficient evidence from both
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
animal and human studies to suggest that hyperreactivity 
predicts incidence of CV diseases.
It should also be mentioned, however, that despite 
evidence in support of a relationship between 
hyperreactivity and CV diseases, this hypothesis is not 
universally held. Recent studies suggest that smaller, 
rather than larger, CV reactivity to psychological stress is 
actually predictive of the development of hypertension in 
apparently healthy adults (Pickering & Gerin; 1990), and CAD 
morbidity in blue collar workers (Siegrist, 1990) and in 
patients with a previous history of myocardial infarction 
(Ahem et al., 1990). In general, however, the vast 
majority of research in this area is consistent with the 
notion that individuals who present exaggerated CV responses 
to psychological stress are at greater risk for morbidity of 
and mortality due to CV diseases.
This epidemiological evidence has prompted further 
study of individual differences in CV stress responses. One 
of the fundamental issues in such research is the definition 
of psychological stress. An often cited nomenclature is the 
definition of stress according to the nature and level of 
mental effort of the involved coping mechanisms. It has 
been quite commonplace to designate a stressful experience 
as requiring either "active" cognitive effort or "passive" 
(without effort) coping techniques. The application of 
mental arithmetic tasks and video game performance are 
examples of valid methods for provoking active coping
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responses (Brod, Fencl, Hejl, & Jirka, 1959; Dembroski, 
McDougall, Shields, Petitto, & Lushene 1978; Glass et al., 
1980). The most common method for evoking passive coping 
responses is the physical exposure of the hum an body or 
selected body part(s) to cold temperature (0-4°c), a.k.a. 
cold pressor.
The psychophysiological basis for the usefulness of 
this classification is the difference in the physiological 
response patterns elicited by these two types of stressors. 
In general, the provocation of active coping is thought to 
be associated with primarily beta-adrenergic-mediated 
changes in CV parameters, while passive coping is thought to 
involve primarily alpha-adrenergic responses. These
differences are highlighted in reviews by Obrist (1981) and 
Schneiderman (1989).
Additionally, there appears to exist another group of 
activities that have often appeared in psychophysiologic 
studies and have been addressed as involving minimal mental 
effort. Among this group are static exercise stressors. 
The performance of such activities appears to elicit 
peripheral vascular responses similar to those observed 
during passive coping (Bezucha, Lenser, Hanson, & Nagle, 
1982; France & Ditto, 1992). Furthermore, Parati, 
Pomidossi, and Cassadei (1986) demonstrated high inter-task 
reliability (r=0.72, p<0.01) between reactivity during the 
application of a cold pressor and isometric hand grip 
performance. Static exercise also elicits some central CV
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responses similar to those observed during dynamic physical 
exertion, but, in contrast, the primary mechanism by which 
these central CV changes occur appears to be parasympathetic 
withdrawal (Bezucha et al., 1982) rather than enhanced 
sympathetic drive. The aim of applying static exercise 
stress is to allow for the identification of the possible 
physical requirements demanded of a subject while performing 
a motionless task (Carroll, Turner, & Rogers, 1987).
The purpose of the present review is to identify 
individual differences during "active" or effortful coping. 
Of primary interest will be the effects of aerobic power and 
aerobic training on CV response patterns during effortful 
coping. Such a discussion first warrants the investigation 
of the reliability of response patterns in human subjects in 
order to provide some understanding as to the 
reproducibility of any reported individual differences.
In general, CV responses during active coping of 
psychological stressors are considered to present moderate 
to good test-retest reliability. Furthermore, it has been 
noted that one advantage of employing cognitive challenges 
is that they are easy to reproduce, and are therefore 
particularly useful for the identification of individual 
differences in CV reactivity (Kamarck, 1992). The 
reproducibility, or test-retest reliability, of many indices 
of CV reactivity have been investigated. Of critical 
importance for maximizing the test-retest reliability of 
measures of CV reactivity is the consistency of the
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laboratory procedure. The Committee Report on
Methodological Guidelines for Impedance Cardiography
(Sherwood et al., 1990) clearly emphasizes the need for
identical procedure in repeated measure conditions.
Saab et al. (1992) demonstrated high 2-week test-retest 
correlations (r>0.75) for reactivity during a speaking task 
and a mirror tracing task, with respect to cardiac pre­
ejection period (PEP), stroke volume (SV), cardiac output 
(CO), and TPR in both Black and White adult males. 
Kasprowicz, Manuck, Maloff, and Krantz (1990) demonstrated 
only moderate test-retest reliability (0.40<r<0.65) for 
these same variables during the performance of similar 
tasks. The disparity in these studies is likely the result 
of differences in the authors' choices of statistical
methods for determining test re-test reliability. 
Kasprowicz et al. used the Pearson product-moment method of 
correlation, which being an interclass correlation technique 
is best used for bivariate analysis. That is to say that 
this technique would be excellent for correlating, for 
example, HR reactivity to BP reactivity. However, it does 
not seem to be the most appropriate technique for test- 
retest correlations of the same variable (for brief reviews 
see Thomas & Nelson, 1990; Safrit, 1976). Saab et al., 
however, applied generalizability theory, which involves the 
derivation of an intraclass correlation coefficient. This 
latter method allows the investigator to assess the extent 
to which a sample of measures with certain characteristics
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generalizes to a hypothetical population of measures from 
which the sample is drawn (Cronbach, Glaser, Nanda, & 
Rajartnan, 1972). Essentially this technique makes use of 
a random effects model analysis of variance wherein 
suspected sources of systematic error may be treated as 
indicators in the statistical design. The advantage of such 
an approach is that the investigator can seek to account for 
systematic differences among conditions. In other words, if 
in one condition the grand mean of the response is, for
example, lower than during a previous session, as can 
sometimes happen as a result of, for example, 
desensitization, or using different instruments, the error 
is conceptualized as having both a random and systematic 
component. The use of generalizability theory in 
psychophysiology is described in more detail by Llabre et 
al. (1988). Table A.l summarizes some of the more recent 
reliability coefficients obtained for the various indicators 
of CV reactivity. Those studies wherein generalizability 
coefficients were obtained are so noted.
Heart rate reactivity during mental effort has, at
times, been very reproducible (Carroll, Turner, Lee, &
Stephenson, 1984; Kamarck et al., 1992; Kamarck, Jennings, 
Stewart, & Eddy, 1993; Light, 1981; Manuck & Garland, 1990; 
Saab et al., 1992; Turner, Carroll, Sims, Hewitt, & Kelly, 
1986). For example, Turner et al. demonstrated high 1-week 
(r=0.80) and 20 month (r=0.74) test-retest correlations for 
HR reactivity during performance of video games.
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Kasprowicz et al. 4 weeks M.A. .59 .51 .35 .30 .75 .31 .78 _
(1990) Mirror Tracing .65 .35 .31 .59 .44 .45 .42 -
Manuck & Garland 13 months Visual-verbal .81 .63 .24 _ _
(1980) M.A. .69 .32 .23 - - - -
McKinney et al. 12 weeks Video Game .76 .48 .36 .55 .49 .58 .29 _ _
(1985) Reaction Tima .38 .46 .15 .41 .54 .43 .29 - -
Mills et al. 
(1993)
10 days M.A. .64 .47 .60 - - - - - -
Myrtek
(1985)
1 week Reaction Time - .35 .08 - - - - - -
Saab et al. *2 weeks Speaking .81 .88 .78 _ .62 .66 .73 .54
(1992) Mirror Tracing .75 .64 .48 - .92 .88 .88 .38 -




not published .73 .37 .39 - - - - - -
Sloan et al. (1995) 9 months SM.A.Reaction Time
.39 - - - - - - - .67*
.35*
Turner et al. 
(1986)
20 months video game .74 — — — — — - - -
O
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At other times, however, only modest test-retest
correlations have been discovered for HR reactivity
(Fahrenberg, Foerster, Schneider, Muller, & Myrtek, 1986; 
Mills, Berry, Dimsdale, Nelesen, & Ziegler, 1993;
Seraganian et al. 1985; Sloan, Shapiro, Bagiella, Gorman, & 
Bigger, 1995).
Other indices of cardiovascular function have been less 
reliable. Heart period variability, that is, the standard 
deviation of the time interval between successive R waves of 
an EKG, has demonstrated only moderate test-retest 
reliability (Sloan et al., 1995), while diastolic BP 
responses during active coping have demonstrated very poor 
reliability as suggested by consistently low test-retest 
correlations (Fahrenberg et al., 1986; Kasprowicz et al., 
1990; Manuck & Garland, 1990; McKinney et al., 1985; Myrtek,
1985; Saab et al., 1992; Seraganian et al., 1985).
Furthermore, impedance cardiography measures of left 
ventricular ejection time have been rather unreliable, as 1- 
week test-retest correlations of as low as r=0.35 (Myrtek, 
1985) and 3-month test-retest values of as low as r=0.03 
(McKinney et al., 1985) have been reported.
Still other CV reactivity indicators have presented a 
wide range of values for reliability coefficients. Test- 
retest correlations for Systolic BP reactivity have been 
reported to be low as r=0.35 for 1-week (Myrtek), but as
high as r=0.88 for 2-week stability (Saab et al., 1992). 
Similar disparity is observed with regard to reported
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correlation coefficients for CO, SV, and TPR (Kasprowicz et 
al., 1990; McKinney et al., 1985; Saab et al., 1992). It 
does appear, however, that the highest correlations are 
observed when generalizability coefficients rather than 
interclass correlations are obtained for evaluating test- 
retest reliability (Saab et al., 1992)
While the inter-test reliability of some CV responses 
to mental challenge has appeared promising, inter-task 
reliability is not particularly strong. It has been shown 
that within the realm of active coping tasks, different 
stressors are antecedent to differing CV responses. For 
example, vanDooraen and vanBlockland (1992) demonstrated 
that reaction time tasks appear to elicit greater central CV 
changes, such as decreased PEP, whereas video tracking tasks 
elicited a greater vasomotor response. This supports the 
previous research of vanDoomen and deGeus (1989) who also 
indicated a poor level of inter-task consistency in CV 
reactivity during the performance of two different active 
coping tasks. However, it does appear that those 
individuals who are prone to react with exaggerated CV 
adjustments during the performance of one active coping task 
will also tend to present relatively large adjustments 
during the performance of other mental challenges (see 
Turner, 1989).
Another critical issue in psychophysiology is the 
external validity of laboratory stressors as they apply to 
"real-world" settings. In some instances cognitive
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challenges have evoked CV reactivity patterns similar to 
those observed during real-world challenges such as public 
speaking (Turner, Carroll, Dean, & Harris, 1987). For 
example, Matthews, Manuck, et al. (1986) discovered a mild 
correlation between mental arithmetic and public speaking. 
However, this study is limited to the discussion of 
adolescent subjects. Two independent studies on adult male 
subjects confirmed mild but apparent correlations (r=0.26) 
between blood pressure changes during waking and mental 
arithmetic (Southard et al., 1986; Floras, Hassan, Jones, & 
Sleight, 1987). Waking, however, clearly involves
adjustments due to abrupt changes, including those of 
endocrine function that do not immediately appear to arise 
as consequence of mental challenge. Therefore, any 
inferences from this study relative to "cognitive" real 
world stress are somewhat limited.
The majority of the research seems to indicate poor 
external validity of laboratory stressors. Studies
examining CV as well as plasma catecholamine reactivity have 
often demonstrated no relationship between active coping 
tasks such as mental arithmetic and the stress associated 
with dissertation defense (Warwick-Evans, Walker, & Evans, 
1988; Dimsdale, 1984; vanDoomen & vanBlockland, 1992). 
Furthermore, conclusions from vanDoomen and vanBlockland 
as well as from Ironson et al. (1989) indicate that CV 
reactivity during laboratory challenges provide no further
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value for the prediction of responses to real world 
stressors above that of resting baseline data.
The questionable inter-task reliability and poor 
external validity of laboratory stressors has made the 
operational definition of psychophysiological stress quite 
difficult. Therefore, psychological stress appears to be 
best defined by the task itself, and, any inferences made 
from the discussion herein should be weighted accordingly. 
For further discussion of inter-task and test-retest 
reliability please see reviews by Manuck, Kasprowicz, and 
Muldoon (1990) and Pickering and Gerin (1990).
The purpose of this review demands a discussion of the 
general CV and neuroendocrine responses during active 
coping, and a general discussion of individual differences 
in CV reactivity that appear to exist independent of aerobic 
power or aerobic exercise training. Such differences 
include genetic makeup, history and family history of 
disease, personality type, racial background, age, gender, 
and body composition. While these are all critical issues 
in psychophysiology, it is not within the scope of this 
paper to extend the discussion of these topics beyond a 
general overview of the literature. Conversely, the topics 
of aerobic power and chronic aerobic training will be 
discussed in great detail in relation to individual 
differences in CV responses during the active coping of 
psychological stress.
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Central Cardiovascular Reactivity During Active Coping
Both central and systemic cardiovascular function 
appear to be altered during periods of mental effort. With 
regard to central mechanisms, most studies have focused on 
cardiac chronotropy as demonstrated by HR, and cardiac 
inotropy as described by stroke volume (SV). Furthermore, 
both chronotropic and inotropic activity have implications 
relative to cardiac output (CO). Peripheral mechanisms of 
interest have included total peripheral resistance (TPR), 
blood flow (BF) to skeletal muscle and viscera, and measures 
of arterial blood pressure (BP).
There exists a general consensus that the performance 
of mentally challenging tasks (i.e. active coping) elicits 
increases in HR thought to reflect cardiac adjustments that 
exceed metabolic demands, and vary as a function of genetic, 
task, & social factors (Matthews et al., 1986; Turner, 
1989). Despite individual and task differences, this HR 
response is considered to be relatively stable within each 
individual (Carroll et al., 1984; Kasprowicz et al., 1990; 
Light, 1981; Manuck & Garland, 1990; Manuck et al., 1990; 
Pickering & Gerin; 1990; Turner et al., 1986).
Because of its reasonably good reliability and its ease 
of measure, HR reactivity has been widely studied. It has 
also been found to be a useful measure for predicting future 
incidence of CV disease. Unfortunately, however, HR has 
also been frequently misused as a non-invasive index of 
autonomic activity. Indeed, psychological stress is thought
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to affect vagal as well as sympathetic output and certainly 
this reactivity will affect cardiovascular chronotropic and 
inotropic function (Allen & Crowell, 1989? Grossman, 
Stemmier, & Meinhardt, 1990; Porges, 1992). However, 
heart rate is not linearly related to sympathetic or 
parasympathetic autonomic outflow (Bemtson, Cacioppo, & 
Quigley, 1991, 1993b, 1995). Therefore, the use of such
data for making inferences with regard to neuroendocrine 
activity requires that the data be transformed, thereby 
limiting the generalizability of the inferences.
Heart period (HP), that is the time interval between 
successive "R" waves of an EKG tracing, is a more 
appropriate index of autonomic influence on cardiac 
chronotropy as it has been demonstrated to be linearly 
related to both sympathetic and vagal outflow (Bemtson, 
Cacioppo, & Quigley, 1991, 1993b, 1995). Furthermore, it
has been observed that this linearity of association exists 
over a wide range of values for heart period (Koizumi, 
Terui, & Kollai, 1985).
Using HR instead of HP as an index of autonomic outflow 
has led some authors to make some rather suspect inferences. 
For example, had Pollack and Obrist (1988) expressed 
chronotropic activity in terms of HP rather than HR, they 
would have concluded that the performance of a reaction time 
task did not evoke uncoupled sympathetic activation as 
reported, but rather the chronotropic effect of the stressor 
was a consequence of both sympathetic activation and vagal
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withdrawal (the transformation of the Pollack and Obrist 
data, as well as a more detailed description of their study 
is provided in Bemtson et al., 1993b).
Bemtson, Cacioppo, and Quigley (1991, 1993b, 1994)
have described a linear model for autonomic space in humans. 
In short, this model attempts to describe end-organ function 
as it is influenced by autonomic control. This model was 
actually first conceived by Levy and Zieske in 1969, but has 
been more recently developed (Bemtson et al., 1991) and
described as follows:
fij = 8 + cs‘si + cp'pj + iij + E
where f±j ±s the functional state of any target organ
(including the heart) for any i (sympathetic) and j
(parasympathetic) locus on the autonomic plane. 13 is the 
basal state in the absence of any autonomic input, S± and Pj
are the independent activities of the sympathetic and 
parasympathetic innervations at point ij, and Cs and Cp are
coupling coefficients that reflect the relative functional 
impact of sympathetic and parasympathetic activities on the 
target organ. Potential interactions between branches of 
the autonomic nervous system are generalized to the term 
Iij, and £  is the error term.
Interactions of sympathetic and parasympathetic 
influences {Iij), while possible, are only likely to affect
cardiac chronotropic or inotropic states when there is 
maximal stimulation of these systems (see Bemtson,
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Cacioppo, Quigley, & Fabro, 1994). Therefore, Bemtson et 
al. suggest that psychophysiological responses observed in 
the laboratory are not likely to involve significant 
interactions between the two branches of the ANS.
Furthermore, the linearity of the relationship between 
autonomic activity and end organ state may be best reflected 
by a variety of possible polynomial components (i.e., Si*Pj, 
Si^^Pj, Si*Pj2/ Si2*Pj2 ...). There is evidence to suggest 
that some higher order polynomial function is most 
appropriate for describing the autonomic control of the 
heart. For example, the linearity between vagal outflow and 
heart period arises as the result of two non-linear 
processes: 1.) a negatively accelerating exponential
function between vagal activity and the accumulation of 
acetylcholine at cardiac synapses, and 2.) a positively 
accelerating exponential function relating to acetylcholine 
to pacemaker function (Dexter, Levy, & Rudy, 1989).
The above model of autonomic space reflects three 
principles of autonomic control (as described by Bemtson et 
al., 1991): 1.) The principle of innervation, which states 
that target organs can be singly or dually innervated; 2.) 
the principle of cojoint action, which states that when 
dually innervated, organs are subject to either opposing or 
synergistic actions of the branches of the autonomic nervous 
system (ANS); and 3.) the principle of multiple modes, which 
stipulates that the two branches may vary reciprocally, 
independently, or coactively.
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Indeed, studies have not only indicated that changes in 
cardiac chronotropy may occur as a result of changes in 
sympathetic and vagal activity, but further, that the 
response patterns of these branches of the ANS are not 
correlated to one another (Bemtson et al., 1991, 1993a,
1993b; Cacioppo, Uchino, & Bemtson, 1994; Quigley & 
Bemtson, 1990). In other words, increased sympathetic tone 
does not preclude increased vagal tone. Therefore, 
decreased HP (or increased HR) may be the result of 
increased sympathetic activity and a relatively small 
increase, a decrease, or no change in vagal outflow. 
Likewise, it is also possible that decreased HP (increased 
HR) results from decreased vagal outflow accompanied by a 
small decrease, an increase, or no change in sympathetic 
tone.
In summary, because of its ease of measure, HR is often 
observed as an index of cardiac chronotropic function during 
psychological stress. However, inferences based on this 
data are best restricted to cardiac chronotropy. 
Conversely, the measurement of heart period allows for 
making some inferences about autonomic control of the 
chronotropic function of the heart. These inferences, 
however, should be restricted to the sum of autonomic 
influences and should not be extended to the specific 
activity of either branch of the ANS.
In contrast to HR and HP reactivity, studies involving 
the evaluation of stroke volume (SV) and cardiac output
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
50
(CO), which have implications regarding cardiac inotropy, 
have revealed that despite presenting good test-retest 
reliability, stress-induced changes in these variables are 
subject to tremendous inter-individual differences. The 
earliest study of CO reactivity during mental stress was 
that of Brod, Fencl, Hejl, and Jirka (1959), who, from the 
outset, demonstrated this great inter-individual variability 
in the CO response. These data indicated that normotensive 
individuals demonstrated the greatest increase in CO during 
mental stress, while hypertensive subjects demonstrated 
greater changes in systemic cardiovascular indices such as 
BP and TPR. The differences relative to hypertension and 
other disease states will be described further in later 
sections of this review.
Using a thermodilution technique, Hjemdahl, Freyschuss, 
Juhlin-Dannfeldt, and Linde (1984) observed a 73% increase 
in CO during an application of the Stroop Color-Word 
Conflict Test (CWCT). This relative change observed for CO 
is in agreement with the observations of Brod et al. (1959) 
and more recently, Hilton (1982).
Impedance cardiography has become a popular non- 
invasive technique for the measurement of CO, and has been 
validated by comparison to results obtained through invasive 
techniques (Lamberts, Vissner, & Lijlstra, 1984). Using 
impedance cardiography, Sherwood et al. (1986) observed a 
40% increase in CO during a reaction time tone-avoidance 
task (RT-TA). This relative change is in agreement with the
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amount of change observed by Blix et al. (1974) among air 
traffic controllers during occupational stress.
Contrary to the above, the results of some studies have 
described no significant change in CO during active coping 
of psychological stress. For example, vanDoomen and deGeus
(1989), employing impedance ccardiography, found no change in 
CO among healthy college aged males during a RT-TA task. In 
general, however, it does appear that changes in CO, when 
present, appear to be in a positive direction, and that the 
magnitude of the change is subject to inter-individual and 
inter-task variability.
Increased CO does not necessarily reflect heightened 
SV. In the presence of heightened HR, elevated CO can also 
be observed with no change or a decrease in SV. Considering 
the apparent stress-induced increase in cardiac chronotropic 
activity, it is of interest to evaluate the response of SV. 
Impedance cardiography also provides a non-invasive method 
for deriving SV. This requires the application of what is 
known as the Kubicek equation, which is discussed in greater 
detail in Kubicek, Kamegis, Patterson, Wittsoe, and Maltson 
(1966). This technique has been used in evaluating central 
CV changes during the performance of many tasks involving 
mental effort. And, once again, the evidence seems to 
suggest a wide range of inter-individual and inter-task 
variability.
In one study, mental arithmetic induced heightened CO 
as a consequence of elevated HR only? whereas, reaction time
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tasks evoked moderate increases in both HR and SV (Allen & 
Crowell, 1989). These results support previous similar 
findings (Allen, Sherwood, & Obrist, 1986; Allen, Obrist, 
Sherwood, & Crowell, 1987). However, deGeus, vanDoomen, 
deVisser, and Orlebeke (1990) observed a 10% increase in CO 
in response to a memory search reaction time task (MS-RT), 
but a concomitant 10% decrease in SV. In this same study, 
there appeared to be no change in CO during RT-TA tasks. 
There exists other evidence to suggest that SV may decrease 
during periods of active coping. Kamarck, Jennings, 
Stewart, and Eddy (1993) describe such a decrease among a 
sample of Black and White female subjects.
In general there appears to be great variability in the 
CO and SV response to mentally challenging tasks. This 
large inter-task variability provides further justification 
for defining "psychological stress" by the task itself, and 
the observation of significant inter-individual differences 
lays a foundation for further investigation of individual as 
well as task characteristics thought to significantly impact 
the CV stress response.
As has been the case with issues of cardiac 
chronotropy, in evaluating the reactivity CO and SV during 
psychological stress, some investigators have mistakenly 
made inferences regarding the influence of the autonomic 
nervous system. For example, in the previously mentioned 
study by Sherwood et al. (1986), the 40% increase in CO 
observed during a RT-TA task was completely blocked by the
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administration of propranolol. This result led the 
investigators to suggest that the CO response during the 
unblocked condition was a result of increased beta- 
adrenergic drive. However, as will be discussed in the next 
section, it is known that pharmocological beta-blockade may 
involve several potential sources of bias. For example, 
beta-adrenergic antagonists reflexively affect vagal 
activity. Therefore, inferences with regard to autonomic 
function arrived at as a result of data obtained during 
beta-blockade should be closely guarded.
There do exist, however, more appropriate non-invasive 
end-organ indices of the autonomic influence on cardiac 
chronotropic and inotropic function. Franks and Cureton 
(1969) provide a review of some of the earlier work with 
regard to cardiac chronotropic activity at rest and during 
physical and emotional stress. More recently, through the 
use of impedance cardiography as well as relatively new 
applications of standard electrocardiography, cardiac pre­
ejection period (PEP) and respiratory sinus arrhythmia (RSA) 
have been validated as useful measures of sympathetic and 
parasympathetic activity, respectively (Bemtson, Cacioppo, 
& Quigley, 1991, 1993a, 1993b, 1994).
Cardiac PEP has been operationally defined as the time 
between the onset of the Q-wave in the ECG and the B point 
in the dZ/dt (1st derivative of the impedance) signal. It 
has been demonstrated that cardiac PEP is inversely related 
to sympathetic activity (Binkley & Boudoulas, 1986; also see
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Franks & Cureton, 1969). It has long been understood that 
heart rate itself does not influence PEP unless changes in 
HR are accompanied by changes in preload or afterload 
(Lewis, Leighton, Forester, & Weissler, 1974). Shortened 
PEP will accompany increased HR (decreased HP) when such 
reactivity is caused by increased adrenergic tone, but not 
solely due to vagal withdrawal or blockade (Harris,
Schoenfield, & Weissler, 1967). In another earlier study 
Newlin and Levinson (1979) also provide evidence for the 
validity of cardiac PEP as an index of sympathetic tone.
The implications of these early studies, therefore, 
have long suggested that PEP is an excellent and useful 
marker for adrenergic activation during periods of
psychological stress. In more recent years PEP has become 
popular and more frequently cited in psychophysiological
research. For example, McCubbin, Richardson, Langer, Kizer, 
and Obrist (1983) observed shortened PEP associated with 
elevated plasma norepinephrine levels during the performance 
of a cognitive task (Raven's Matrices). DeGeus et al.
(1990) reported a 10ms decrease in PEP during the
performance of both memory search and RT-TA tasks. Cacioppo 
et al. (1994) observed shortened PEP in college aged women 
during the peformance of a public speaking task. However, 
Saab et al. (1992) were unable to observe this effect in 
college aged men during the performance of a similar public 
speaking task.
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Respiratory Sinus Arrhythmia (RSA) is the rhythmical 
fluctuation in heart period at the respiratory frequency 
that is characterized by a shortening and lengthening of 
heart period in a phase relationship with inspiration and 
expiration, respectively. This phenomenon is also known as 
heart rate variability (HRV). Although many mechanisms may 
influence the rate of RSA, neural influence (i.e., vagal 
activity) has been shown to far overshadow the effects of 
non-neural mechanisms (Daly, 1985). More specifically, RSA 
(or HRV) appears to increase with increasing vagal control, 
and is blocked by cholinergic but not adrenergic blockade 
(Akselrod et al., 1985; Bemtson et al., 1993b; Billman & 
Dujardin, 1990; Kollai & Mizsei, 1990).
The "chaotic" fluctuations in heart period have been 
measured in both time and frequency domains (see Stein, 
Bosner, Kleiger, & Conger, 1994, for a brief review). 
Within the scope of time domain studies, authors have 
primarily observed the variability of the R-R interval. In 
frequency domain investigations, spectral analysis of the 
EKG signal is used to quantify parasympathetic output. The 
more variable (time domain) and the greater the power output 
in the 0.15-0.40 Hz frequency range, the greater the 
parasympathetic tone of the subject. Of the two, frequency 
domain information appears to be the most sensitive with 
regard to measuring parasympathetic tone. However, studies 
in both time and frequency domain have provided evidence to 
suggest that low HR variability (high periodicity/low chaos)
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is associated with increased incidence of cardiac 
dysrhythmias and, in particular, sudden death syndrome 
(Binder et al., 1992; Cripps, Malik, Farrell, & Camm, 1991; 
Kleiger, Miller, Bigger, & Moss, 1987; Kleiger, Stein,
Bosner, & Rottman, 1992; Rich et al., 1988; Schwartz & 
Stone, 1982; Sharma & Corr, 1983) and that the predictive 
value of this non-invasive procedure is more sensitive and 
specific than that of other conventional predictors such as 
left ventricular ejection fraction (Bigger et al., 1992; 
Farrell et al., 1991).
Studies directed by Grossman (Grossman, Brinkman, & 
Devries, 1992; Grossman, Karemaker, & Wieling, 1991;
Grossman, vanBeek, & Wentjes, 1990) have discussed the 
validity of using RSA as a non-invasive measure of vagal 
activity. While this approach has limitations based on the 
non-linear relationships among respiration, RSA, and vagal 
tone, these authors contend that the correlations among 
these variables are strong and reliable and therefore 
provide a useful mechanism for making inferences about vagal 
activity.
During periods of active coping RSA (or HRV) has been 
shown to decrease, even in the face of increased respiratory 
rate (deGeus et al., 1990; Grossman & Svebak, 1987; Allen & 
Crowell, 1989). Taken together, these observations suggest 
vagal withdrawal.
One of the previously mentioned principles of bivariate 
autonomic space (Bemtson, Cacioppo, & Quigley, 1991)
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stipulates that sympathetic and parasympathetic activity can 
covary independent of one another. Therefore, the behaviors 
of PEP and RSA during mental effort do not uniformly appear 
to be correlated with one another (Bemtson, Cacioppo, & 
Quigley, 1991, 1993a, 1993b; Cacioppo et al., 1994).
Results from the public speaking experiment of et al. (1994) 
revealed elevated HR, shortened PEP, and lengthened RSA in 
college aged women. However, although changes in RSA and 
PEP were both independently related to changes in HR, these 
changes in RSA and PEP did not correlate well to one 
another.
In consideration of all the measures of central CV 
function, it would appear that advances in impedance 
cardiography and the application of spectral analysis now 
provide excellent methodologies for making inferences 
relative to not only end-organ function (HP, HR, SV, and 
CO), but for those regarding autonomic influence over 
cardiac activity (via PEP, and RSA).
Systemic Vascular Reactivity During Mental Effort
The response of the vascular system during periods of 
active coping has also been an area of considerable 
interest. In addition to measures of systolic and diastolic 
blood pressure (SBP and DBP), mean arterial pressure (MAP), 
total peripheral resistance (TPR), and skeletal muscle BF 
have demonstrated reliable changes during mental effort. 
Once again, impedance cardiography has proven to be a 
reliable non-invasive method for the determination of
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pressure and resistance, and plethysmography has been useful 
in measuring skeletal muscle blood flow.
Much of the epidemiological research relative to the 
incidence of CAD and hypertension morbidity has centered 
around the blood pressure response to stress. While 
arterial blood pressure certainly involves central CV 
characteristics such as SV, changes in arterial tone 
throughout the systemic vasculature are likely to have a 
tremendous impact on hemodynamics. Furthermore, the 
measurements of diastolic and systolic blood pressures have 
frequently been made at the site of the brachial artery. 
For these reasons blood pressure reactivity will be 
discussed as an index of systemic vascular responses rather 
than a central response.
There is general consensus that mental effort is 
associated with consequent increases in blood pressure 
indices. Commonly reported are increases such as those 
observed by deGeus et al. (1990) of 11-13 mmHg increases in 
MAP, DBP, and SBP. In this study the effects of different 
cognitive tasks were evaluated. The data revealed that 
memory search and reaction time tasks had similar effects on 
all of these parameters. Allen and Crowell (1989), however, 
found that mental arithmetic was associated with a greater 
DBP response as compared to a memory search task 
performance.
Increased total peripheral resistance (TPR) has also 
been observed consequent to cognitive effort (deGeus et al.,
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1990; deGeus, vanDoomen, & Orlebeke, 1993; vanDoomen & 
deGeus, 1989), and this effect has been observed in both men 
and women of differing races (Kamarck et al., 1993; 
Kasprowicz et al., 1990; Saab et al., 1992). VanDoomen and 
deGeus (1989) observed an additional TPR of 120-350 dyne- 
sec/cm"5. in the 1990 deGeus study inter-task differences 
in BP reactivity were not detected; however, differences in 
the TPR response pattern of this variable were detected as a 
function of the task. The data revealed a 12.4% increase in 
TPR during the RT-TA task, but only a 5.4% increase 
consequent to the memory search task.
Studies involving the administration of beta-blockade 
therapy have been characterized by significantly larger 
stress-induced increases in TPR during the blocked condition 
(Freyschuss, Hjemdahl, Juhlin-Dannfeldt, & Linde, 1988; 
Krantz et al., 1987; Schmieder, Ruddel, Neus, Messerli, & 
vonEiff, 1987). In light of these results, it has been 
surmised that beta-blockade affects TPR during periods of 
effortful coping by inhibiting skeletal muscle 
vasodilatation.
Some earlier studies have suggested a drop in TPR 
during both reaction time and mental arithmetic task 
performance (Brod et al., 1959; Hjemdahl et al., 1984, 
Hilton, 1982). However, the overwhelming majority of 
evidence suggests increased TPR is a reliable manifestation 
of psychophysiological responses to cognitive effort.
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Although not as comprehensively studied as some of the 
other CV indices mentioned herein, skeletal muscle blood 
flow has been observed to increase during periods of active 
coping (See Herd, 1991, for a review). Mercury strain gauge 
and Doppler plethysmography are non-invasive measures of 
blood flow, which have been commonly applied to the calf and 
forearm. It has been noted that while both of these sites 
provide reliable response patterns during cognitive effort, 
the response of forearm blood flow appears to be delayed in 
comparison to the response of the calf (Williams, Kuhn, 
Melosh, White, & Schanberg, 1982).
As mentioned, all of these indices of both central and 
peripheral vascular reactivity are subject to significant 
inter-individual and inter-task differences. Individual and 
task characteristics associated with these differences will 
be discussed later in more detail.
Evidence of Autonomic Control 
Autonomic and hormonal influences oyer the CV system 
must be considered in discussing CV reactivity. This review 
will provide an overview of the various ANS and hormonal 
responses to stress which may participate in the observed 
changes in CV function.
As previously mentioned, the end-organ state of heart 
function and cardiovascular tone appear to come under the 
direct influence of the ANS. Therefore, many studies have 
been conducted to evaluate autonomic responses during the 
performance of mentally stressful tasks. Because such
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stressful experiences have been associated with increased 
chronotropic and inotropic cardiac function, it has been 
surmised that sympathetic nervous system activity is the 
primary source of the cardiovascular response (Anderson, 
Wallin, & Mark, 1987; Blumenthal et al., 1990; Blumenthal, 
Emery, Walsh, Cox, & Kuhn, 1988; Claytor, Cox, Hawley, 
Lawler, & Lawler, 1988; Cleroux, Perronet, & DeChamplain, 
1985; Dimsdale, Young, Moore, & Strauss, 1987; Freyschuss et 
al., 1988; Goldstein, Eisenheffer, Fox, Reiser, & Kopin, 
1987; Hjemdahl et al., 1984; Holmes & McGilley, 1987; Hull, 
Young, & Zeigler, 1984; Light, Obrist, James, & Strogatz, 
1987; Mancia, Grassi, Ferrarri, & Zanchetti, 1985; Plante & 
Karpowitz, 1987; Roth & Holmes, 1987; Sherwood et al., 1986; 
Sinyor, Schwartz, Perronet, Brisson, & Seraganian, 1983; 
Sothmann, Horn, Hart, & Gustafson, 1987; van Doomen et al.,
1989).
Both direct and indirect measures of sympathetic nerve 
activity have been cited in the literature. The measurement 
of the electrical activity of specific sympathetic nerves 
has provided a basis for some inferences about ANS 
reactivity. For example, Anderson et al. (1987) observed 
that during 4 minutes of mental arithmetic, peroneal nerve 
activity was heightened and remained elevated for 
approximately two minutes of recovery. Interestingly, 
however, radial nerve activity did not change significantly 
during the performance of the task itself, but did appear to 
be significantly elevated during recovery. The difficulty
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in interpreting the observation of the activity of a 
particular nerve is that there is no validity in 
externalizing any such observation to describe the activity 
of nerves of other regions. Nor would it be valid to 
suggest that the sympathetic nervous system, in general, is 
reflected by the activity of a particular nerve or group of 
nerves. Therefore, any inferences made from such studies 
should be closely guarded.
Some investigators have evaluated the plasma 
catecholamine response to psychologically stressful stimuli. 
The results of these studies will be discussed in greater 
detail in the following section of this paper. However, at 
this point it is important to indicate that such an approach 
to evaluating ANS activity has come under considerable 
criticism over the last 10 years or so (Dimsdale et al., 
1987; Goldstein et al., 1987; Hjemdahl et al., 1984; Mancia 
et al., 1985). There are at least three arguments against 
using this approach: 1.) Total SNS activity may remain
constant while changes in regional activity may occur; 2.) 
Plasma catecholamine concentration reflects the balance of 
SNS outflow and catecholamine uptake. Therefore, it is 
impossible to make inferences about the nature of any change 
as being strictly that of uptake, outflow, or that both are 
augmented; and 3.) Inferences about plasma catecholamine 
level relative to end-organ functional state fail to control 
for differences in receptor sensitivity. Despite the 
problems associated with making inferences based on plasma
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catecholamine data, the results of these studies will be 
discussed. However, great caution should be taken when 
arriving at conclusions from such data.
The usefulness of PEP as a non-invasive measure of 
sympathetic activity has already been discussed. It was 
also suggested that changes in indices of CV function, such 
as HR and SV are not necessarily indicative of changes in 
sympathetic activity. However, it has been suggested that 
valid inferences may be made from HR data if RSA, an 
indicator of vagal tone, is used as a covariate (Grossman, 
Stemmier, et al., 1990? Grossman & Sveback, 1987).
Studies involving beta-blockade therapy appear to 
support the hypothesized involvement of ANS control over CV 
adjustments during cognitive psychological challenge. While 
such pharmacological intervention has only partially 
diminished the cardiac chronotropic response to physical 
activity, the response to mentally effortful tasks is 
totally diminished (Langer et al., 1985; Sherwood et al., 
1986). However, inferences from studies make the assumption 
that beta-blockade therapy does not affect parasympathetic 
(vagal) tone. This is an assumption that has proved to be 
inaccurate; that indeed beta-blockade does alter 
parasympathetic activity (Coker, Koziell, Olivier, & Smith, 
1984? Eckberg, 1984; Fouad, Tarazi, Ferrario, Fighally, & 
Alicandro, 1984). In a recent series of reviews (Bemtson 
Cacioppo, Binkley, et al., 1994a, 1994b; Bemtson, Cacioppo,
& Quigley, 1994) the potential sources of bias during
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
64
adrenergic blockade are described, and a model for making 
inferences about the independent activities of the branches 
of the ANS is suggested. Furthermore, parasympathetic 
involvement during tasks previously thought to evoke 
primarily sympathetic responses has been observed (Allen & 
Crowell, 1989; Grossman, Karemaker, et al., 1991; Grossman, 
Stemmier, et al., 1990; Grossman & Svebak, 1987). For 
example, one study (Allen & Crowell) involving the CV 
response during mental arithmetic revealed that the task 
elicited heightened CO with little change in SV. Therefore, 
most of the inferred sympathetic activity was apparently 
manifest by chronotropic reactivity of the heart. However, 
while there was some decrease in PEP, task performance 
resulted in significantly elevated RSA. Therefore, vagal 
withdrawal appeared to contribute significantly to the 
increase in HR and consequent increase in CO.
Reaction time tasks (Allen & Crowell, 1989; Langer et 
al., 1985; Obrist et al., 1978; Sherwood et al., 1986) have 
also demonstrated increased CO during task performance. In 
each case, elevated CO was associated with primarily large 
decreases in PEP, but significant decreases in RSA were also 
manifest. These studies seem to implicate sympathetic beta- 
adrenergic activity as the primary instigator of CV 
reactivity, but further add that vagal withdrawal appears to 
participate to a significant degree.
A recent review has identified certain processes 
through which cognitive and behavioral influences affect
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vagal activity (Bemtson et al., 1993a). There appear to be 
several possible nodal points in the brain stem
cardiorespiratory centers which may influence such activity 
via: a.) direct effect on vagal nerves; b.) modulations of
the gain of vagoexcitatory baroreceptor reflexes; c.) direct 
alterations in the pattern of activity of neuronal subsets 
of the respiratory generator; and d.) secondary changes in
pulmonary reflex gating associated with respiratory
variations.
The inclusion of baroreflex in the above list is
somewhat controversial. According to the "Theory of
Autonomic Space" (Bemtson et al., 1993a), the interaction
of sympathetic and parasympathetic systems is only likely at 
the extreme parameters of human cardiovascular function. 
Because neither rest nor laboratory stressors appear to
evoke extreme CV function, it is postulated that 
baroreceptor activity is of little consequence during such 
conditions. This corollary to the "Theory of Autonomic 
Space" is somewhat supported by early studies of 
baroreceptor activity. For example, Forsman and Lindblad
(1983) could demonstrate no differences in "neck suction" 
attenuation of heart rates and systolic pressures when 
comparing control and stress conditions. However, there are 
some data that suggest the possible relevance of 
baroreceptor influence to the CV stress response. In 
contrast to Forsman and Lindblad, the results of an even
earlier study (Sleight, Fox, Lopez, & Brooks, 1978)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
66
demonstrated that the baroreceptor control of HR and BP (as 
stimulated by neck suction) was indeed lessened during 
periods of mental effort as compared to the control observed 
during the resting condition. Somewhat more recently Mancia 
and colleagues (Mancia, Ferrari, Gregorini, Parati, 
Pomidosi, & Bertinieri 1983a; 1983b; Mancia et al., 1985, 
Mancia et al., 1986) demonstrated that 24-hour blood 
pressure variability was negatively correlated with 
baroreceptor control of HR (as evaluated by neck suction 
during administration of phenylephrine and nitroglycerine). 
These authors suggested that those subjects with depressed 
baroreceptor function may be more susceptible to large CV 
reactivity during periods of psychological stress. Of 
course, these studies are correlational and therefore do not 
demonstrate a cause and effect relationship.
Neuroendocrine Activity Purina Effortful Coping 
Epinephrine and Norepinephrine
The kinetics of norepinephrine release, capillary 
diffusion, and uptake into nerve terminals are all dependent 
on several mechanisms and therefore, as previously 
mentioned, inferences regarding changes in plasma 
norepinephrine must be closely guarded. Furthermore, it has 
also been established that of the norepinephrine released by 
the involved neurons only about 25% appears in the systemic 
circulation (see Herd, 1991). Nonetheless, the results of 
some studies suggest an increase in venous norepinephrine 
during both physical and psychological stress. However, the
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relative amount of this response is different during
physical and psychological stimuli. Whereas the physical
stimulus of moderate aerobic exercise has resulted in as 
much as a 300% increase in venous norepinephrine, the mental 
effort involved in performing a public speaking task appears 
to be accompanied by only a 50% increase in venous 
norepinephrine concentration (Dimsdale & Moss, 1980a, 
1980b). Other studies, such as that of Hjemdahl et al.
(1984), report no significant change in venous
norepinephrine as a consequence of mental effort.
Studies have also evaluated changes in arterial and 
venous epinephrine. While Hjemdahl et al. (1984) did not 
observe any significant change in venous norepinephrine 
concentration subsequent to cognitive effort, they did 
observe a 100% increase in arterial and a 36% increase in 
venous epinephrine concentrations. Dimsdale and Moss 
(1980a, 1980b), having compared the influence of physical
and psychological stressors on subsequent catecholamine 
responses, observed a 200% increase in venous epinephrine 
during speaking as compared to a 300% increase during 
physical exertion.
The measurement of changes in urine epinephrine 
concentration has been established as a reasonable measure 
of adrenal responsiveness during periods of mental effort. 
Akerstedt et al. (1983) found a strong positive correlation 
between urine and plasma epinephrine concentration levels at 
rest and during the performance of the Stroop CWCT.
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Epinephrine is secreted only by the adrenal medulla and 
is removed in a similar fashion as norepinephrine. Because 
epinephrine freely enters the systemic circulation, 
discussing the patterns of epinephrine levels in venous 
blood requires fewer assumptions than does the discussion of 
norepinephrine levels. However, once again, the balance 
between epinephrine release and uptake is not an accurate 
index of neuroendocrine drive, nor does it provide 
substantive information about the receptor sensitivity of 
target organs. The usefulness of this information is, 
therefore, limited.
The Pituitary-Adrenal Axis
Evidence for heightened plasma epinephrine suggests the 
possibility of heightened activity along the pituitary- 
adrenal axis during periods of mental effort in humans. 
Adrenocorticotropic hormone (ACTH) and glucocorticoids are 
released during times of psychological stress and along with 
epinephrine and norepinephrine are referred to as the 
"stress hormones". The reactivity of the pituitary-adrenal 
axis during psychologically stressful experiences is 
reviewed by Herd (1991), Axelrod and Reisine (1984), and 
Makara (1985).
ACTH is released from the anterior pituitary along with 
many other hormones including beta-endorphin, beta- 
lipotrophic hormone, and prolactin. The studies reviewed by 
Herd (1991) reveal that plasma levels of these substances
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rise 40-50% during competitive oral examinations in healthy 
men relative to the pre-task control values.
Activation of the pituitary-adrenal system is 
apparently mediated by the activity of other neuropeptides 
(corticotropin releasing factor and vasopressin) released 
from the hypothalamic neurons of the paraventricular 
nucleus. However, the mechanisms by which sensory 
information acts to stimulate the release of these 
neuropeptides are not clearly understood. Furthermore, it 
is not within the scope of this review to discuss detailed 
information relative to hypotheses about the neural 
processes involved in the interpretation of external events. 
Other hormones such as epinephrine, norepinephrine, 
serotonin, and angiotensin also modulate the release of 
ACTH. Inhibition of ACTH synthesis is under the control of 
somatostatin and glucocorticoids via negative feedback.
Plasma cortisol levels also appear to increase during 
psychologically stressful events (see Herd, 1991). It has 
been suggested that the peak value for this response occurs 
approximately 15 minutes following the onset of the 
stressful experience, and that the magnitude is dependent 
upon the novelty and the difficulty of the task. For 
example, subjects who underwent a graded exercise treadmill 
exam were classified according to their level of experience 
as participants in such testing (Davis, Gass, & Bassett, 
1981). There were no group differences in work capacity, 
however, the inexperienced subjects demonstrated a 138%
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increase in plasma cortisol concentration, while the 
increase among experienced subjects was only 59%. This 
difference was not apparently related to maximal oxygen 
uptake, venous lactate concentrations, or heart rate 
reactivity. The authors surmised that the novelty of the 
task was a potential source of variation in the stress 
response.
Herd (1991) also cites other studies that investigated 
repeated exposure to memory tasks and parachute jumping 
(Ursin, Baade, & Levine, 1978). The memory task data 
suggests that cortisol levels were negatively correlated 
with repeated exposure to the task and positively correlated 
with number of mistakes made during the task performance. 
Parachute jumping data has also implicated repeated exposure 
as dampening to the stress response. Furthermore, the 
amount of perceived fear reported by parachutists was also 
positively related to increased plasma cortisol 
concentrations.
Renin
Herd (1991) has also reviewed the renin response to 
psychological stress. In general, the venous plasma renin 
response to mental challenge (non-verbal IQ test and mental 
arithmetic) is described as unchanged or a small decrease in 
plasma renin levels among normal subjects. This is 
associated with an initially small decrement in renal blood 
flow with a gradual return to baseline during the course of 
the mental task. However, with regard to subjects with
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essential hypertension or a family history of hypertension, 
dramatic elevation in plasma renin activity is seen during 
cognitive effort. Furthermore, this appears to be 
accompanied by a marked decrement in renal blood flow, as 
well as decreased sodium and urine excretion.
Efferent renal nerve activity, which is thought to 
result in plasma renin activity and increased renal 
arteriolar tone may play a role in CV reactivity to 
psychological stressors. It has been shown that the sodium 
excretion and urine flow rate response to stress can be 
blocked by propranolol and therefore the reactivity has been 
ascribed to the effects of increased beta-adrenoreceptor 
activity. There does not appear to be sufficient evidence 
to suggest that those individuals who demonstrate an 
exaggerated renal response to psychological stress 
demonstrate typical or atypical cardiovascular responses. 
An investigation of such an hypothesis is needed.
Other Neuropeptides
Possibly involved in the stress response are several 
other neuropeptides including, but not limited to, 
serotonin, dopamine, vasopressin, angiotensin, and 
endogenous opioids such as beta-endorphin.
Serotonin and dopamine, along with epinephrine and 
norepinephrine are synthesized from tyrosine and tryptophan 
and are therefore subject to dietary manipulation. When 
brain serotonin concentration is enhanced through the 
manipulation of diet and through pharmacological
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administration of monoamineoxidase (MAO) inhibitors, 
sympathetic tone appears to be suppressed (see Herd, 1991). 
However, it has yet to be determined if serotonergic 
neurotransmission is related to the cardiovascular response 
to psychological stress.
The potential for endogenous opioids such as endorphins 
and enkephalins to inhibit sympathetic activation has 
implicated their possible involvement in autonomic 
dysfunction as well (McCubbin, Surwitt, & Williams, 1988; 
McCubbin, Surwitt, Williams, Nemeroff, & McNeilly, 1989). 
Through the use of opioidergic blockade by Naloxone, 
McCubbin and colleagues (McCubbin, Surwitt, & Williams, 
1985; McCubbin et al., 1989) have sugggested that endogenous 
opioids inhibit blood pressure reactivity during 
psychological stress and that this function is found to be 
deficient in individuals at risk for hypertension. 
Furthermore, the effects of Naloxone on the anterior 
pituitary hormones corticotropin (ACTH) and beta-endorphin 
are diminished in subjects with exaggerated blood pressure 
reactivity (McCubbin et al., 1989). Thus, there is evidence 
to suggest that the activity of naloxone-sensitive opioid 
receptors in the central nervous system can inhibit both the 
sympatho-adrenomedullary and the pituitary-adrenocortical 
axes during psychological stress, and that this inhibitory 
tone is apparently diminished in persons at risk for 
hypertens ion.
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Modifiers of the Cardiovascular Stress Response 
Genetic Influence
The physiological response pattern to stress, or any 
change in environment, can to some extent be attributed to 
the expression of genetic information. Therefore, it is 
reasonable to suggest that important sources of individual 
differences in response patterns should include familial 
influence. As in other areas of science, "twin" and
"sibling" studies have been frequently cited in the 
discussion of the genetic influence on CV reactivity during 
psychological challenge. Investigations of both twin as 
well as non-twin siblings consistently indicate significant 
effects of genetic makeup on CV stress reactivity (for a 
review see Turner & Hewitt, 1992).
One particularly interesting approach, using the 
investigation of twins, has been to look for differences
between monozygotic (MZ) and dizygotic (DZ) twin pairs. The
rationale for such an approach is the suggestion that if a
strong genetic influence over stress reactivity were to 
exist, one would expect MZ twin pairs to demonstrate a 
greater heritability of response patterns when compared to 
that of DZ twin pairs.
Carmelli et al. (1991) observed greater heritability of 
BP responses during mental arithmetic among MZ twin pairs as 
compared to their DZ counterparts. Furthermore, by 
correcting for differences in baseline BP values, these 
authors demonstrated that the genetic effect on BP
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reactivity during mental arithmetic is independent from the 
well known genetic influence on resting BP.
In independent studies, Ditto, France, and Miller 
(1989) and Sims, Carroll, Hewitt, and Turner (1990) were 
able to demonstrate the independence of genetic influence 
over resting HR and HR reactivity during mental effort. 
Some investigations, however, have failed to demonstrate 
significant differences in HR reactivity between MZ and DZ 
twin pairs (Carmelli, Chesney, Ward, & Rosenman 1985; 
Carmelli et al., 1991; Smith et al., 1987). However, the 
sample sizes for each of these studies have been relatively 
small. With a larger data base, and subsequently more 
power, some trends in differences in HR reactivity that have 
appeared in these studies might be manifest as significant 
effects. Therefore, in general it would appear that there 
is sufficient evidence to suggest that genotype may provide 
information as to CV reactivity during mental effort that is 
unique from that predicted by resting values for CV 
measures.
One particular problem in conducting twin studies is 
the impact of environmental influences that may arise from 
"same home" relationships. These influences may include 
very complex issues such as coping strategies, to more 
straightforward sources of variance such as caffeine intake. 
In an effort to control for the effect of "same home" Ditto 
(1993) conducted a study of MZ and DZ twin pairs involving 
both male and female subjects. They observed similar HR and
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BP responses among siblings during mental arithmetic. 
Furthermore, these authors fit the resting data regarding 
systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) to a linear model involving both genetic and 
environmental influences. Under this model the estimates of 
heritability for SBP and DBP were 0.63 and 0.36, 
respectively. In either case, the fit was not improved by 
adding a component of "same home".
Familial influences on autonomic reactivity have also 
been studied. Miller and Ditto (1991) reported familial 
differences in heart rate reactivity were abolished during 
beta blockade. However, as mentioned previously, inferences 
about the ANS from data involving beta-blockade are very 
general and limited. Nonetheless, several authors have 
taken this approach and have concluded that differences in 
ANS responses during psychological stress may be primarily 
responsible for the observed familial differences in CV 
reactivity (Langer et al., 1985; Poliak & Obrist, 1988; 
Sherwood et al., 1986).
Therefore, it does appear that CV reactivity during 
mental effort can be described to some extent by genotype, 
and, that this information is unique from other predictor 
variables.
History of Disease
The disease state of an individual appears to play an 
important role in CV stress reactivity. However, it is 
often difficult to separate disease from family history as
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there is often a genetic contribution to such conditions as 
hypertension and coronary artery disease. Therefore, family 
history of disease shall be discussed first, and the reader 
should give considerable weight to the possibility that the 
appearance of disease may be a marker of genotype, thereby 
further implicating the role of genetic influence on stress 
reactivity.
Family history of hypertension, in particular, appears 
to be associated with exaggerated CV reactivity during 
periods of psychological stress (Allen & Crowell, 1989; 
Allen & Crowell, 1990; Anderson, Lane, Taguchi, & Williams, 
1989b; Claytor et al., 1988; Dimsdale, Zeigler, Mills, 
Delehanty, & Berry, 1990; Ditto, 1986; Hastrup, Light, & 
Obrist, 1982; Langer et al., 1985; Light, Obrist, Sherwood, 
James, & Strogatz, 1987; Manuck, Kasprowicz, & Muldoon, 
1990; Matthews & Rakaczy, 1986; Miller, 1994; Poliak & 
Obrist, 1988; Rose, 1986; Sherwood et al., 1986).
Several authors have approached this area of interest 
by studying differences in reactivity between normotensive 
subjects who differ in parental history of hypertension. 
For example earlier studies by Ditto (1986) and Hastrup et 
al. (1982) provided evidence for exaggerated BP reactivity 
among normotensive offspring of hypertensives when compared 
to normotensives with no family history of hypertension.
More recently, Miller (1994) observed heightened HR 
reactivity during the performance of a video game-shock 
avoidance task among normotensive offspring of
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hypertensives. Furthermore, these differences were
maintained when RSA was treated as a covariate, therefore 
suggesting that the differences were likely a manifestation 
of heightened sympathetic activity. Allen & Crowell (1989,
1990) also demonstrated the absence of familial differences 
in RSA reactivity, despite differences in cardiac 
chronotropic reactivity.
In contrast to the above, Grossman & Sveback (1987) 
reported evidence for differences in parasympathetic 
control. Using an experimental design similar to that of 
Miller (1994), these authors observed differences in RSA 
reactivity during task performance based on parental history 
of hypertension. Although the two groups of subjects both 
demonstrated significant decreases in RSA, those with 
hypertensive parents showed the greatest reactivity. In the 
Miller study, the subjects were acquainted with the "shock" 
before performance of the task. However, in the Grossman & 
Sveback (1987) study the subjects had not experienced the 
shock prior to task performance. It is possible that the 
lack of parasympathetic reactivity among subjects in the 
former study was due a reduction of vagal tone as a 
consequence of experiencing shock pain prior to the task 
performance.
At any rate, it appears as though parental history of 
hypertension may be a marker of genotype and that 
furthermore, these individuals so classified appear to 
demonstrate heightened HR and BP reactivity during periods
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of cognitive psychological stress. Additionally, it appears 
that heightened sympathetic drive and possibly reduced vagal 
tone are characteristic of this sample of the population.
These characteristics are also observed in hypertensive 
individuals regardless of familial influences (Fahrenberg, 
Foerster, & Wilmers, 1995). Furthermore, pharmacologic 
studies reveal that hypertensive subjects appear to
demonstrate increased adrenergic receptor function (Ziegler, 
Mills, & Dimsdale, 1991b). In an earlier study (Julius, 
Pascual, & London, 1971) "borderline" hypertensives 
demonstrated both heightened sympathetic and diminished 
vagal activity when compared to their normotensive
counterparts. This study also revealed that such
differences in autonomic activity were related to a higher 
resting CO among the "borderline" hypertensive subjects.
It may be that these characteristic differences in 
resting and stress-induced CV indices observed in 
hypertensive individuals is to some extent responsible for a 
heightened risk of CAD and other vascular problems. 
However, as purported by Fredrikson and Matthews (1990) and 
Plowman (1994) the risk associated with increased reactivity 
among hypertensive subjects may be multicollinear with other 
pathogenic mechanisms.
History of coronary artery disease is also thought to 
be related to heightened CV reactivity during cognitive 
effort (Dembroski, McDougal, & Lushene, 1979; Corse, Manuck, 
Cantwell, Giordani, & Matthews, 1982? Manuck et al. 1992;
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Sime, Buell, & Elliot, 1980; Stoney & Matthews, 1988; 
Sundin, Ohman, Palm, & Strom, 1995). For example, Sundin et 
al. recently demonstrated exaggerated systolic BP and CO 
reactivity during the performance of mental tasks among male 
post-MI patients when compared to apparently healthy, age- 
matched controls.
Furthermore, Manuck et al. (1992) recently demonstrated 
that heightened CV reactivity among post-MI patients was 
related to future MI incidence. Other recent evidence, 
however, raises the question as to whether or not the 
relationship between heightened CV reactivity and CAD 
morbidity exists for this sample of people. Ahern et al. 
(1990) observed that among post-myocardial infarction 
patients, low rather than high HR reactivity to a video game 
task was predictive of future cardiac arrest. Therefore, it 
may be that among individuals who have been diagnosed with 
CAD and/or those who have sustained some myocardial injury, 
CV reactivity, during periods of cognitive effort, may 
provide no further reliable information in terms of risk of 
future cardiac events.
Personality Type
Exaggerated CV and neuroendocrine reactivity to 
psychological stressors have often been associated with Type 
A behavior patterns in men, however there is considerable 
inconsistency among the findings in this area (for a review 
see Houston, 1988). In general, there is some agreement 
with regard to exaggerated CNS and CV responses during
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active coping (Glass, 1977; Hull, Young, & Zeigler, 1984), 
but moreover, this relationship appears to be more stable 
among subjects with a family history of hypertension 
(Hastrup et al., 1982; McCann & Matthews, 1988) or coronary 
artery disease (Sundin et al., 1995). On the other hand, 
there have been some studies, such as that of Delistraty, 
Greene, Carlberg, and Raven (1992), that do not indicate any 
relationship between personality type and CV reactivity 
during active psychological challenge.
Hostility has been identified as the "toxic" component 
of type A behavior pattern relative to the relationship with 
CAD incidence (Matthews, 1988). It is not within the scope 
of this paper to discuss in great detail the entire breadth 
of studies or issues in this area. However, some recent 
conceptual and quantitative reviews have identified several 
key issues among the discussions of the hostility
hyperreactivity relationship.
Suls and Wan (1993) performed a meta-analysis of 296 
studies which addressed, primarily, blood pressure and heart 
rate responses to a variety of stressors among groups of 
subjects evaluated for potential of hostility. Most of the 
studies involved male samples and without exception the 
subjects were college aged. In their review, the authors 
indicate that there exists a heterogeneity of response 
patterns by hostile subjects. In some instances, global
effects of hostility were linked to hyperreactivity;
however, in nearly every instance, the results of the
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individual studies conflicted: while some studies provided
evidence for heightened BP and HR responses to various 
psychological challenges, others demonstrated null effects 
and, in some cases, hyporreactivity among hostile subjects. 
The results of this meta-analysis did, however, provide some 
insight for future research.
Suls and Wan (1993) demonstrated that across all these 
studies it appeared as though two characteristics best 
describe the condition for observing hyperreactivity to 
psychological stressors. First, the character trait of the 
subject most often associated with hyperreactivity is 
"antagonistic hostility". This is best assessed by using 
the following personality inventories: Potential for
Hostility-Interpersonal Style, Framingham Anger-Out, Buss- 
Durkee Verbal and Physical Assault, and Anger Expression- 
Out. The trait of "antagonistic hostility” (anger-out) 
stands in opposition to "neurotic hostility" (anger-in) 
which has been successfully derived by the Buss-Durkee 
Irritability subscale, Anger Expression In, Potential for 
Hostility Intensity and Content, Framingham Anger-In, and 
the Multidimensional Anger Inventory: Anger-In Subscales.
Scores on the Cook-Medley and the Global Potential for 
Hostility Rating have been correlated with both antagonistic 
and neurotic factors of hostility. See Dembroski & Costa
(1987) for more detailed information about assessment of 
"coronary-prone" behavior.
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Secondly, those subjects with more anger prone 
personality traits are more likely to be hyperreactive when 
the condition involves provocation. Subjects found to 
possess antagonistic hostility consistently demonstrated 
elevated systolic blood pressure responses to a variety of 
psychological challenges when the task was accompanied by 
provocation, such as verbal insults or demands to perform 
better.
Of course there are many potential explanations for the 
heterogeneity of results observed by Suls and Wan (1993). 
First, and perhaps most obvious, is the potential for 
pathogenic mechanisms to affect CV reactivity, and that the 
investigation of other parameters such as catecholamine 
activity might provide a more direct measure of 
psychological stress reactivity. This is particularly 
important in light of Berntson's et al. (1991) discussion of 
multiple modes of autonomic control suggesting that 
coactiviation of both the SNS and PNS occurs in the presence 
of many stressors. Therefore, CV function may not exhibit 
the true nature of stress responses.
The reliability of task involvement by hostile subjects 
has also been questioned. Houston (1988) suggests that some 
individuals may withdraw or take an oppositional attitude 
towards the experiment, and that this is sometimes a 
characteristic of hostile individuals. Houston goes further 
to indicate that this phenomena may actually lead to 
hyporeactivity during the experimental condition.
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Furthermore, the relationship between hostility and CAD 
does not rely on the theory of hyperreactivity. For 
example, the condition of being "stressed" may not have a 
more profound impact on CV parameters of hostile persons. 
Rather, hostile persons may experience more frequent 
episodes of stressful events and conflict in real-life 
settings (Houston & Vavak, 1991).
Hostility may also increase risk of CAD because hostile 
individuals tend to demonstrate poorer health habits such as 
tobacco abuse, alcohol consumption, poorer self-care, and 
delay in seeking medical advice (Leiker & Hailey, 1988).
Other hypotheses promote the combination of potential 
for hostility and parental history of hypertension as being 
associated with CV hyperreactivity. McCann and Matthews 
(1988) saw no relationship among adolescents between 
potential for hostility or Type A behavior and CV reactivity 
to active psychological stress; however, those subjects who 
were both positive for potential of hostility and parental 
history of hypertension demonstrated significantly higher 
diastolic BP reactivity to active challenges. This is in 
agreement with the previous work of Allen et al. (1987) and 
Williams et al. (1982).
Race
Several investigators have described racial differences 
in the CV responses to cognitive effort. In short, the 
available evidence indicates that Blacks typically 
demonstrate exaggerated CV reactivity when compared to their
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White counterparts (Anderson, 1989; Anderson, Lane, Monou, 
Williams, & Houseworth, 1988; Anderson, Lane, Taguchi, & 
Williams, 1989a; Dimsdale et al., 1990; Durel et al., 1989; 
Falkner & Kushner, 1989; Light, Obrist, Sherwood, et al. 
1987; McAdoo, Weinberger, Miller, Fineberg, & Grim, 1990; 
Manuck, Kasprowicz, et al., 1990; Murphy, Alpert, Moes, & 
Somes, 1986). It appears, however, that these racial 
differences are limited to peripheral vascular mechanisms. 
Changes in BP and TPR seem to be particularly exaggerated in 
Blacks compared to Whites, whereas studies of central CV 
indices have not yielded consistent results.
It has been consistently shown that Blacks demonstrate 
greater BP and TPR reactivity during reaction time (Light & 
Sherwood, 1989), speaking and mirror tracing (Saab et al., 
1992), and mental arithmetic (Dimsdale et al., 1990; Murphy 
et al., 1986). Furthermore, it has been made apparent that 
these differences exist beginning at a very young age 
(Alpert, Dover, Brooks, Martin, & Strong, 1981; Hohn et al., 
1983; Murphy et al., 1986; Murphy, Alpert, Walker, & Wiley, 
1988; Voors, Webber, & Berenson, 1980).
Using impedance cardiography, Light and Sherwood (1989) 
observed greater increases in TPR among Black adults during 
a reaction time task (purported to elicit primarily beta- 
adrenergic responses). Furthermore, Black subjects also 
demonstrated these responses during pharmocological beta- 
blockade with propranolol (a non-selective beta-blocker). 
Similar differences in TPR response have also been observed
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during the performance of other active coping tasks such as 
public speaking and mirror tracing (Saab et al., 1992). 
Furthermore, TPR reactivity among Blacks appears to be 
greater than that for Whites, regardless of values for 
resting blood pressure. Frederickson (1986) observed 
greater calf skeletal muscle vascular resistance reactivity 
in both normotensive and hypertensive Blacks when compared 
to Whites during the performance of a reaction time task.
Several authors have formulated the hypothesis that 
Whites appear to be "myocardial" reactors, while Blacks tend 
to be "vascular" reactors. For example, after evaluating CV 
responses during the performance of mirror tracing and 
public speaking tasks, Saab et al. (1992) reported that 
despite no differences in the responsiveness of HR and left 
ventricular ejection time, CO was markedly increased in 
White males, but decreased concurrently with decreased SV in 
Black males. The Black subjects, however, consistently 
demonstrated greater increases in TPR than did their White 
counterparts. Anderson et al. (1988) and Frederickson 
(1986), among others, support this position and comment that 
Blacks appear to present a greater vasomotor response during 
active coping.
The nature of this apparently exaggerated vascular 
response to cognitive challenge has been attributed to a 
greater activity of alpha-adrenergic receptors in Blacks, 
along with little or no difference in peripheral beta-2 
receptor function (Light & Sherwood, 1989). This hypothesis
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
86
is supported by evidence of smaller TPR reactivity during 
simultaneous pharmacologic blockade of both alpha and beta- 
receptor activity (with labetolol) among Black subjects, 
together with the apparent ineffectiveness of beta-blockade 
(with propranolol) to reduce the effect of the TPR response 
(Flamenbaum et al., 1986).
Studies describing higher CO and SV reactivity of White 
subjects during mirror tracing and public speaking have 
already been mentioned. However, other indices of central 
CV reactivity do not provide a consistent picture of any 
racial differences. Where some studies have described a 
greater HR response to mental arithmetic among Black 
subjects (Anderson et al., 1988; Falkner & Kushner, 1989), 
others have not (Anderson et al., 1989a, 1989b; Morrell,
Myers, Shapiro, Goldstein, & Armstrong, 1988).
Conclusions regarding racial differences in stress 
reactivity, however, are confounded by other observed 
phenomena. For example, some of the above studies appear to 
indicate that hypertensive responses to psychologically 
stressful tasks among Black subjects might be limited to 
those who have a positive family history for hypertension 
(Hohn et al., 1983), or in some instances, to those with 
significantly elevated values for resting blood pressure 
(Light, Obrist, Sherwood, et al., 1987; Light & Sherwood, 
1989; Voors et al., 1980). Furthermore, there appear to be 
underlying racial differences in catecholamine metabolism 
(Ziegler, Mills, & Dimsdale, 1991a).
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Racial differences in CV reactivity may also be gender 
specific. One recent study found no differences in the 
stress response of HR, SV, BP, or TPR between Black and 
White women (Kamarck et al., 1993). Admittedly, however, 
the sample size of this study was somewhat small (n=30) and 
therefore the lack of power may have prevented significant 
findings. The results of this same study, however, seem to 
indicate that Black women demonstrated less between session 
attenuation of HR reactivity, possibly suggesting some 
racial differences in terms of the effect of task 
familiarity. Indeed a similar effect was observed by Mills, 
Berry, Dimsdale, Nelesen, and Ziegler (1993) who found 
significantly reduced epinephrine reactivity among Whites 
and heightened epinephrine activity in Blacks during the 
performance of mental arithmetic when preceeded by task 
familiarization.
Desensitization and Task Involvement
Familiarity with performance of a particular task 
through repeated exposure may lead to a systematic
desensitization to that situation and result in an 
attenuated stress responses (Kjaer et al., 1984; Saab et
al., 1992; Sothmann et al., 1987; Ursin et al., 1978). This 
has already been alluded to with regard to the effect of 
successive trials of skydiving (Ursin et al., 1978). Saab 
et al. have also provided data suggesting that repeated
exposure to cognitive tasks results in the attenuation of
SBP, HR, PEP, and CO. Although the magnitude of attenuation
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in this study was found to be small, the differences were 
observed to be very reliable. Furthermore, Saab et al. 
demonstrated no interaction between the subjects' task 
familiarity and racial backgrounds.
The attenuation of CV reactivity as a function of 
repeated exposure has been related to a decrement in 
sympathetic autonomic reactivity. Kvetnansky (1980) and 
McCarty and Stone (1984) demonstrated smaller stress-induced 
changes in plasma catecholamine concentrations as a 
consequence of "habituation". These authors also suggest 
that therein also lies the potential for exaggerated 
responses to novel stressors.
Additionally, there appears to be some interaction 
between subjects familiarity with a cognitive task and their 
level of physical fitness as defined by aerobic power 
(maximal oxygen consumption). There appears to be no 
difference between fitness groups in terms of CV responses 
to novel tasks (Claytor, 1991; Claytor et al., 1988; Hull et 
al., 1984; Plante & Karpowitz, 1987; Sinyor et al., 1983). 
However, following repeated exposure to three mentally 
challenging tasks (Geometric shape matching, mental 
arithmetic, and the Stroop CWCT), highly fit subjects have 
been observed to present smaller MAP, forearm blood flow 
(FBF), and CO responses during subsequent task performance 
(see Claytor, 1991).
In a fairly recent symposium, Claytor (1991) presented 
data indicating no significant differences in plasma
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epinephrine or norepinephrine concentration reactivity 
between fitness groups or across conditions of "novel" 
versus "familiar" tasks. Previously, however, it had been 
reported (Sothmann et al., 1987) that poorly fit men 
(maximal oxygen consumption of approximately 30.0 ml/kg/min) 
presented exaggerated norepinephrine responses to familiar 
stressors. The authors suggested that this response may 
have likely been a manifestation of global deconditioning 
marked also by elevated resting BP and a high percentage of 
body fat.
Perhaps somewhat related to desensitization is the 
degree to which a subject feels involved in or challenged by 
the task. Evidence suggests that CV reactivity is 
positively correlated with perceived level of task 
difficulty (Carroll, Turner, & Prasad, 1986). However, the 
level of difficulty, per-se, may not accurately define this 
issue in as much as "impossible" tasks have been associated 
with smaller CV reactivity than have "difficult tasks" 
(Turner et al., 1986). It has therefore been hypothesized 
that the level of involvement of the individual is of 
greater consequence than the actual difficulty of the task, 
and that the low reactivity associated with impossible tasks 
may appear as a result of defensive coping strategies 
including removal of task involvement. This hypothesis may 
explain, at least in part, the differences observed between 
Type A and Type B individuals as Type A personalities tend
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to be more competitive and task oriented than their Type B 
counterparts.
Body Composition
As alluded to above, CV reactivity during mental 
challenge appears to be affected by obesity. Stroke volume 
and TPR values assessed through impedance cardiography are 
generally reliable in normal weight subjects; however, in 
obese subjects poor test-retest reliability of SV and TPR 
(r=0.34 and r=-0.26, respectively) has been reported in 
Black and White women (Kamarck et al., 1993). In this
sample of the population attenuated impedance waveforms 
likely contribute to the poor reliability of results. HR, 
BP, and PEP measures are, however, reliable for these 
subjects because such measures do not involve the height of 
the cardiac waveform (Kamarck et al., 1993).
In addition to problems with the measurement of some CV 
indices, it is also apparent that obesity is associated with 
exaggerated ANS activity. Obese men demonstrate elevated 
basal NE and heightened NE responses to such stressors as 
postural change and isometric exercise (Sowers et al., 
1982). Furthermore, complications of obesity (e.g. 
hyperinsulinemia) are thought to promote SNS activation 
(Reaven & Hoffman, 1987; Rowe et al., 1981). Therefore, 
exaggerated SNS responsiveness is considered as one 
hypothesis for the risk of CVD associated with obesity 
(Peiris et al., 1989). In general, however, studies in this
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area are lacking with regard to CV reactivity during the 
performance of mentally challenging tasks.
Age and Gender
The effects of age and gender on CV reactivity during 
mental challenge have not been clearly identified. However, 
because of the presence of related evidence, it has been 
suspected that both of these variables may play an 
important role in the CV stress response. For example, 
older males tend to exhibit heightened SNS reactivity during 
psychological stress. Barnes, Rasking, Gumbrecht, and 
Halter (1982) found resting levels of catecholamines to be 
exaggerated among older men when compared to their younger 
male counterparts. However, studies evaluating CV responses 
during psychological stress have not provided evidence of 
any age related differences. One recent cross-sectional 
study (deGeus et al., 1993) evaluated the CO, TPR, HR, PEP, 
and BP reactivity to a memory search-tone avoidance task. 
No significant differences due to age were found among men 
ranging from 25 to 40 years old.
To date no longitudinal evaluations of age effects have 
been published. Furthermore, most studies have been limited 
to younger samples of subjects. Another area of interest is 
the relative health risk associated with mentally-induced CV 
reactivity in older subjects as compared to younger 
counterparts. It has been purported that older individuals 
are at greater risk for vascular injury during periods of 
elevated pressure due to typically poorer vascular
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compliance (for a review see Folkow & Svanborg, 1993). 
Clearly, the effect of age on the CV responses during 
psychological challenge remains as an area for further 
study.
Likewise, gender differences regarding the CV stress 
response have not been elucidated. In general, however, it 
is thought that women tend to be more centrally reactive, 
whereas men tend to be more peripherally active. Kamarck et 
al. (1993) and Stoney, Matthews, McDonald, and Johnson
(1988) have observed that women tend to present with a 
greater HR response during mental challenge when compared to 
men, and that men typically have a greater BP response. 
Girdler, Turner, Sherwood, and Light (1990), however, 
demonstrated BP reactivity during a mental challenge did not 
differ between men and women, but, these authors did find 
that the nature of the change in BP during the task 
performance was gender specific: CO increased more in
women, while TPR appeared to increase more greatly among 
men.
Confounding the discussion of gender specific 
differences in the response to mental challenge are at least 
two critical concerns: 1.) gender specific tasks; and 2.)
poor test-retest reliability of female subjects. With 
regard to the former, Frankenhauser (1983) has nicely 
discussed the potential for certain tasks to elicit 
differences between genders in terms of the relative levels 
of involvement with the task. They contend that some tasks, 
such as mental arithmetic, are "stereotypically male" and
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therefore it is difficult to discuss differences as being 
based on gender alone. Women also display poorer test- 
retest reliability. This is thought to be primarily due to 
hormonal fluctuations related to the menstrual cycle (Herd,
1991).
Aerobic Power. Chronic Aerobic Activity, and Cardiovascular 
Reactivity Purina Mental Effort 
It has been well documented that participation in 
regular aerobic exercise results in an attenuated CV 
response to a given level of physical work. Because many of 
the CV responses to psychological work appear similar to 
those observed during physical exertion, investigators have 
hypothesized that chronic aerobic activity may also result 
in an attenuation of the CV responses observed during the 
1980s. The results of a frequently cited 1987 meta-analysis 
(Crews & Landers, 1987), which summarized much of this 
earlier work, appeared to indicate some promise for the 
cardio-protective benefit of exercise training to extend to 
the area of psychological stress management. However, this 
analysis was not without its problems. Many of the included 
studies lacked appropriate control for the various issues 
discussed in the previous section (e.g. history of 
hypertension, race, etc.). Furthermore, these authors 
pooled the data of cross-sectional and longitudinal studies. 
Treating the data in such a fashion is a problem in as much 
as cross-sectional studies usually provide results on the 
basis of absolute level of aerobic power only (although some
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have used a self-report of activity questionnaire), whereas 
longitudinal studies typically allow for inferences with 
regard to participation in aerobic activity and/or 
improvement in aerobic power. Although closely related, 
level of power and level of activity are two clearly 
different concepts and are better treated as such. Crews 
and Landers also combined investigations of responses to 
stressors requiring different coping mechanisms (e.g., 
passive and active). Combining the results of response 
patterns that are clearly different is not a particularly 
sound approach to reviewing data, and, lastly, this 
investigation also included data from several unpublished 
studies, thereby making it more difficult to ascertain the 
amount of bias that may have been introduced during the 
course of this meta-analysis.
Nonetheless, the discussion of Crews and Landers seems 
to provide an accurate reflection of the posture taken by 
most investigators of this topic; that there appears to be 
significant promise for chronic exercise to positively 
impact the management of psychological stress and therefore 
provide further means for reducing the risk of CV diseases. 
In addition, the authors admitted the existence of 
considerable disagreement among the individual studies 
reviewed. Unfortunately, today the picture is not much 
clearer. However, more recent studies have provided more 
interesting insight into this area.
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The following sections are arranged so as to review the 
effects of aerobic training and aerobic power separately. 
Some investigators have, of course, evaluated both of these 
issues via an initial cross-sectional report and a
subsequent follow-up after a period of exercise treatment 
(deGeus et al., 1990; deGeus et al., 1993; Holmes &
McGilley, 1987; Keller & Seraganian, 1984; Sinyor, Golden, 
Steiner, & Seraganian, 1986; Steptoe, Moses, Matthews, &
Edwards, 1990). Therefore, reference may be made to such 
studies in both of the following sections.
Cross-sectional Studies
Observational data have, in some instances, suggested a 
relationship between aerobic power, as defined by maximal 
oxygen consumption (V02max)r and CV and/or ANS reactivity 
during mental effort (deGeus et al., 1990; Holmes & 
McGilley, 1987; Holmes & Roth, 1985; Hull, Young, & Ziegler, 
1984; Lake, Suarez, Schneiderman, & Tocci, 1985; Light, 
Obrist, James, & Strogatz, 1987; McCubbin, Cheung, 
Montgomery, Bulbulian, & Wilson, 1992; Perkins, Dubbert, 
Martin, Faulstich, & Harris, 1986; Shulhan, Scher, & Furedy, 
1986; Sinyor et al., 1983; Sothmann et al., 1987; Sothmann 
et al., 1988; Turner, Carrol, Costello, & Sims, 1988; 
vanDooraen & deGeus, 1989). However, an equally significant 
number of studies have failed to implicate the existence of 
such a relationship (Brooke & Long, 1987; Claytor et al., 
1988; Cox, Evans, & Jamieson, 1979; Czajkowski et al., 1993; 
Dorheim, Ruddel, & Eliot, 1984; Garber, Siconolfi, &
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Carleton, 1985; Hollander & Seraganian, 1984; Keller &
Seraganian, 1984; Plante & Karpowitz, 1987; Sinyor et al., 
1986; Steptoe et al., 1990; Szabo et al., 1994). For a 
summary of results from these observational studies see 
Table A.2.
Study designs for reducing observational data have been 
quite varied. One interesting approach involved the 
comparison of groups which differed in level of CV 
reactivity. Claytor et al. (1988) categorized subjects as 
"reactive" (R) or "non-reactive” (NR) on the basis of CV 
adjustments during the performance of two reaction time 
tasks, one involving shock avoidance, the other involving 
monetary compensation. Under both conditions, R subjects 
were those who demonstrated exaggerated heart rates and 
diastolic blood pressures to both the shock avoidance and 
monetary reward tasks. Individual differences in systolic 
blood pressure reactivity, however, were observed only 
during shock avoidance. The range of elevation in HRs 
during the shock avoidance task were 32-65 and 4-22 bpm, for 
the R and NR groups, respectively. The reaction time- 
monetary reward task elicited mean HR increases of 18 and 5 
bpm for the R and NR groups, respectively. During the shock 
avoidance task, the R and NR groups demonstrated mean 
systolic and diastolic blood pressure increases of 34 +/- 3 
and 15 +/- 3 mmHg, respectively. From these data it is 
apparent that the shock avoidance task was associated with a 
stronger CV response than was the case with the monetary
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
97
reward task. This may explain the lack of discrimination in 
BP reactivity between the two tasks, as the latter 
antecedent may not have been sufficiently large to 
exacerbate significant BP reactivity.
When comparing R to NR subjects, Claytor et al. (1988) 
found no differences in V02mav. age body, weight, or 
diastolic blood pressure. It is interesting to note, 
however, that there were differences in resting HR and SBP 
as both of these variables appeared lower in the NR group as 
compared to the R group. Furthermore, the authors found 
that subjects with a parental history of hypertension were 
more likely to demonstrate exaggerated CV responses to the 
RT tasks.
There is at least one serious problem associated with 
this approach in that norms for "level of reactivity" have 
not been clearly conceptualized. Therefore, the authors, in 
this case, have arbitrarily established levels for 
categorization which may or may not reflect the entire 
continuum of expected values for reactivity among the human 
population. Furthermore, because of the great inter-task 
variability with regard to CV reactivity, it would appear 
that each task would require its own set of norms for 
comparison. Without such norms, the generalizability of 
results is quite suspect.
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Table A.2.
Results of Cross-sectional Studies on Aerobic Power or Self- 
report of Activity and Cardiovascular Reactivity During 
Mental Challenge.
Author/Date Stressor Dep. Var. Significant Findings
Brooke & Long, 
1987.
Rappelling HR, E, ME, 
Cortisol
Faster recovery of E.




HR, BP, E, 
ME
Lower initial BP and 
HR in reactive Ss.







^deGeus et al., Reaction 
1990. Time
^deGeus et al., Reaction 
1993. Time
HR, BP Lower, but non­
significant HR 
reactivity in more fit 
Subjects.
HR, BP, MAP, Lower DBP, MAP, TPR
TPR, RSA, PEP, RSA, PEP, CO, & SV
CO, SV reactivity in fit
subjects.
HR, BP, PEP, 
CO, TPR
Higher BP reactivity 
in fit subjects.




HR, BP No sig. differences.
^ Garber et al., Stroop CWCT 
1985.
HR, BP No sig. differences.
4 = results presented in an abstract 
t = data presented in a symposium 
¥ = cross-sectional control data 
from longitudinal studies 
M.A. = mental arithmetic 
CWCT = Color-Word Conflict Test 
RSA = respiratory sinus arrhythmia 
PEP = cardiac pre-ejection period 
TPR = total peripheral resistance 
V02 = maximal oxygen consumption
HR = heart rate 
BP = blood pressure 
SBP = systolic BP 
DBP = diastolic BP 
MAP = mean arterial 
SV = stroke volume 
CO = cardiac output 
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Faster HR recovery 
in fit subjects.
¥ Holmes & 
McGilley, 1987.
M.A. HR Less HR reactivity 
in fit subjects.
Holmes & Roth, 
1985.
Stroop CWCT HR, BP Less HR reactivity 
in fit subjects.
Hull et al., 
1984.
Stroop CWCT HR, BP, NE Less DBP reactivity 
in fit subjects.






Faster HR recovery 
in "trained" Ss.





HR, BP Less BP reactivity 
during MA, but 
greater BP reactivity 
during competitive 
games in fit subjects
Light, Obrist, 




HR, BP, PEP Less HR, PEP, & SBP 
reactivity in active 
subjects.
McCubbin et al., 
1992.
M.A. HR, BP Less HR reactivity 
in fit Ss, possibly 
due to opioidergic 
activity.




HR, BP Less BP reactivity 
in normotensives and 
"trained" hyperten­
sives compared to 
untrained hypertensiv* 
subjects.
Plante et al., 
1987.
IQ Test HR No sig. differences.
Shulhan et al., 
1986.
M.A. HR, EKG-T- 
wave amplitude
Lower T-wave 
amplitude in fit Ss.








Faster peak NE, 
faster HR recovery.





HR, BP No sig. differences.
(table con'd.)
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Sothmann et al., Reaction NE, E Lower plasma NE
1987. Time reactivity in fit 
subjects.
tSothmann et al., Reaction NE, E Faster peak NE in
1988. Time fit subjects.
¥Steptoe et al., Problem HR, BP, Lower Respiratory
1990. Solving Resp. Rate, 
Skin Conduc­
tance
Rate and a non-sig. 
trend towards lower HR 
reactivity in fit Ss.
Szabo et al., 
1994.
M.A. HR, BP Faster HR recovery 
in fit subjects.
Turner et al., 
1988.
M.A. HR, BP, V02 Less HR reactivity 
in fit subjects.
vanDoornen Reaction HR, BP, SV, Smaller HR, SV,
et al., 1989. Time CO, PEP, TPR PEP, DBP, and TPR 
reactivity in fit 
subjects.
In the same study, Claytor et al. (1988) also employed
a somewhat more popular approach to handling observational 
data by evaluating subjects according to self-report of 
physical training habits. Using this approach, the authors 
found no significant differences between groups in HR or BP 
reactivity during performance of either the reaction time- 
tone avoidance or reaction time-monetary reward tasks. A 
trend towards a higher experimental condition change in HR 
among untrained subjects was suggested; however, after 
controlling for lower resting HRs among the trained 
subjects, no indication of group differences appeared. 
Other studies using this type of design have also failed to
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yield significant results for group differences in HR and/or 
BP reactivity (Dorheim et al., 1984; Plante & Karpowitz, 
1987).
In a subsequent symposium, however, Claytor (1991) 
presented data suggesting significant differences in central 
and peripheral CV reactivity according to level of self- 
reported activity. Lower MAP, FBF, and CO reactivity during 
familiar mental effort were observed among college aged 
males who reported an active lifestyle as compared to those 
reporting to be more sedentary. Furthermore, a few other 
cross-sectional studies have demonstrated that when compared 
to their sedentary counterparts, subjects having reported 
high levels of aerobic activity presented lower HR (Light et 
al. 1987; Turner et al., 1988), PEP, (Light, Obrist, James, 
et al., 1987) and systolic BP (Light, Obrist, James, et al., 
1987; Perkins et al., 1986) reactivity during cognitive 
challenge.
Perkins et al. (1986) observed greater SBP reactivity 
among hypertensive subjects reporting chronic exercise 
behavior as compared to sedentary hypertensive individuals 
and both "trained" and "untrained" normotensive subjects. 
In consideration of results such as this and those of 
Claytor et al. (1988), one emerging hypothesis has been that 
high levels of fitness and activity affect CV responses in 
those individuals who demonstrate initially hyperdynamic 
states.
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Despite arriving at a seemingly more valid approach by 
directly measuring VQ2may, the authors of this latter set of
studies have encountered some pitfalls relative to both the 
study design and the treatment of the data. For example, 
Turner et al. (1988) did not control for group differences 
in baseline HR. Had they done so, they surmised, they would 
likely have found the differences in "additional" HR to be 
non-significant. The poor reliability of self-report 
measures is also a major weakness of this type of approach, 
and may, to some extent, explain the disparate results. By 
validating such reports against measures of maximal oxygen 
consumption, as in the case of Claytor et al. (1988), some 
authors appear to strengthen the reliability of their 
approach. However, V02max and activity level are not
perfectly correlated to one another and, inferences about 
these two independent measures should best be handled 
separately. Furthermore, in the Claytor study the mean 
V02m*v of the untrained group was 45 ml/kg/min, which is
actually quite moderate and perhaps surprisingly high for 
"untrained" college men. Therefore, the external validity 
of this study does not extend to that part of the population 
with a less than moderate level of aerobic power. Still 
others have sought to enhance this basic design by 
maximizing the "dose" relationship between active and 
inactive subjects, as in the case of Dorheim et al. (1984), 
who compared marathoners with sedentary subjects. By 
selecting groups in this fashion; however, there still
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exists an ever-present and potentially profound risk that 
personality differences between self-selected exercisers and 
non-exercisers may confound the results along with 
psychological benefits that may appear independent of 
physical changes (Dimsdale, Alpert, & Schneiderman, 1986). 
Clearly, the investigation of training effects is best 
conducted by means of longitudinal analyses.
The most popular, and perhaps the most valid, approach 
to observational studies has been to use the direct measure 
aerobic power (V02max) as the independent variable, and to
compare this measure with reactivity of indices of CV and 
autonomic function. Yet, studies employing this type of 
design have also resulted in disparate observations as to 
the potential for aerobic power to act as a source of 
individual differences in CV reactivity during mental 
effort.
Some studies have indicated slightly lower central CV 
reactivity as implicated by smaller HR and/or PEP reactivity 
to a novel reaction time task (Light, Obrist, James, et al., 
1987; vanDoomen & deGeus, 1989) and to the Stroop CWCT 
(Holmes & Roth, 1985) in physically fit, healthy young male 
and female individuals. There is also evidence to suggest 
that greater maximal oxygen consumption is related to 
smaller systemic CV function as indicated by smaller DBP and 
TPR reactivity during active coping, particularly among 
subjects over the age of 40 (Hull et al., 1984).
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VanDoomen & deGeus (1989) observed that a group of 
poorly fit (low fit) college aged subjects had a 
significantly greater increase in HR during the performance 
of a reaction time task than did highly fit (high fit) 
subjects (8.8 bpm vs. 3.3 bpm, respectively). This 
difference was associated with a smaller decrease in PEP 
among the "high fit" subjects, suggesting a smaller beta- 
adrenergic response to the task. However, neither group 
demonstrated an increase in CO consequent to the reaction 
time task. In the "low fit" group this was a manifestation 
of a 20% decrease in SV during active coping, offsetting the 
increase in HR. The "high fit" group simply did not 
demonstrate significant central CV reactivity during the 
task. Data from this study also indicated that there was a 
significantly smaller increase in DBP during task 
performance among the "high fit" subjects (4.2 vs. 11.8 
mmHg), but SBP reactivity did not differ between groups. 
This difference in DBP reactivity was explained as a 
consequence of a smaller increase in TPR in the "high fit" 
group compared to "low fit" counterparts. The "additional" 
TPRs for the two groups were 120 vs. 350 dyne-sec/cm”^, 
respectively.
Differences in central CV reactivity have also been 
identified through the study of RSA rate before and during 
the performance of memory search and tone avoidance tasks. 
DeGeus et al. (1990) found a significant but relatively 
smaller decrease in RSA as a function of V02max among
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college aged subjects wherein V02max ranged from 33.2 to
54.9 ml/kg/min (r=0.40, p<0.05). Furthermore, there did not 
appear to be any relationship between V02max and respiratory
rate reactivity. Taken together, these observations suggest 
that vagal tone remains more intact among this more fit 
group of young men. In support of vanDoomen & deGeus
(1989), deGeus et al. also reported a marginally smaller 
increase in TPR (r=-0.35, p=0.09) as a function of higher 
V02max and that this was associated with a smaller increase
in BP parameters (for MAP r=-0.40, p<0.05, for DBP r=-0.50, 
p<0.05). Because there did not appear to be a relationship 
between CO reactivity and V02max, the behavior of the BP
responses was hypothesized to represent a manifestation of a 
possible relationship between V02max and TPR reactivity.
Not all observational studies employing direct measures 
of VQ2max and CV reactivity have yielded significant
findings. Observational data collected by Steptoe et al.
(1990) prior to a 10-week exercise training program suggests 
no group differences in CV adjustments relative to V02max
during the performance of a series of problem solving tasks. 
Participants in this study ranged from 18-60 years of age 
and were placed into one of two groups based on V02mav. The
"unfit" group and the "fit" group presented maximal oxygen 
consumptions of 29 and 40 ml/kg/min, respectively.
More recently, deGeus et al. (1993) employed an 
experimental treatment design with subsequent longitudinal 
analysis of 62 young male subjects. Subjects were initially
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evaluated for maximal aerobic power (V02max)r and CV 
reactivity to active stressors (memory search and reaction 
time). The nature of their study design also allowed these 
authors to report their baseline or control data as a cross- 
sectional study. The control data revealed no significant 
correlation between V02max and CO, TPR, HP, or PEP. Heart
rate reactivity actually had a tendency to be greater in the 
more fit subjects during memory search (r=0.41) and tone 
avoidance (r=0.36) tasks. Similar results were observed for 
systolic blood pressure reactivity, wherein V02max was
mildly correlated to SBP reactivity during memory search 
(r=0.42) and tone avoidance (r=0.38). There was also an 
apparent correlation between V02max and HR and SBP recovery
during both memory search and tone avoidance? however, after 
controlling for HR and SBP reactivity, these differences did 
not appear. Overall, the authors concluded that there was 
not sufficient evidence to support the existence of a 
relationship between aerobic power and beta-adrenergic 
reactivity during the above "active coping" tasks.
Finally, as it has been mentioned that it is difficult 
to separate the effects of personality and exercise habits, 
and as exercise habits are to some extent related to aerobic 
power, the problem of the confounding effects of personality 
type is not solved by comparing "fitness" groups. In an 
attempt to investigate both personality and fitness, 
Czajkowski et al. (1990) observed that "high fit" subjects 
demonstrated smaller BP reactivity during the performance of
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a video game task as compared to "low fit" counterparts. 
However, after controlling for dispositional anger, the 
authors reported that the differences in BP reactivity did 
not reach statistical significance. This result clearly 
indicated the importance of controlling for personality type 
in psychophysiological studies, and in particular, anger and 
hostility appear to be particularly influential.
In addition to evaluating CV changes during the 
performance of mentally challenging tasks, investigators 
have also been interested in the recovery rate of these 
indices immediately following psychologically stressful 
experiences. In general, following active psychological 
challenge, fit individuals have demonstrated faster HR 
recovery than unfit counter parts (Cox et al., 1979; Szabo 
et al., 1994; Sinyor et al., 1983). This faster recovery 
may be related to faster clearance of catecholamines in fit 
subjects (Kjaer, Secher, & Galbo, 1987) or also in part due 
to greater vagal tone often seen in more fit subjects 
(Ekblom, Kilbom, & Soltysiak, 1973; Kenney, 1985). However, 
methodological problems in these studies, such as the lack 
of control for initial heart rates (Sinyor et al., 1983) 
and, in one case, the use of an extremely high stress load 
(Cox et al., 1979), suggest drawing conclusions with great 
caution. Although evidence seems to support the notion of 
faster recovery among more fit subjects, not all 
investigators have observed these differences (Holmes & 
Roth, 1985).
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As previously discussed, it is difficult to make 
inferences about CV reactivity based on changes in plasma NE 
levels. Whole plasma NE does not adequately represent 
regional sympathetic nervous system activity (Galbo, Kjaer, 
Richter, Sonnes, & Mikines, 1986), and venous sampling does 
not indicate NE concentration in arterial blood (Halter, 
Pflug, & Tolas, 1980; Hjemdahl, Freyschuss, Juhlin-Dannfelt, 
& Linde, 1986). Therefore, hemodynamic consequences of 
group differences are not clear because of the potential 
dissociation between plasma NE and CV reactivity (Cleroux et 
al., 1985; Mancia et al., 1985; Sothmann et al., 1987). 
Nonetheless, observational studies of autonomic nervous 
system reactivity have been conducted in an attempt to 
provide some information about the influence of aerobic 
power on individual differences in CV stress responses. It 
has been demonstrated that through exercise training, plasma 
NE appearance becomes attenuated at any given physical work 
rate (for reviews see Sothman et al., 1991; Ziegler, Milano,
& Hull, 1984). Thus, it has been hypothesized that such an 
effect may also be translated to sympathetic responses 
during periods of psychological stress.
At least four investigations, however, have reported no 
differences in plasma NE activity due to aerobic power level 
(Brooke & Long, 1987; Claytor, et al., 1988; deGeus et al., 
1993; Hull et al., 1984). As was the case with the reaction 
time study of Claytor et al. (1988), most of these studies 
have compared moderately fit (V02max = 45 ml/kg/min) to
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highly fit (V02max = 70 ml/kg/min) individuals. In such 
cases it could be argued that the difference in fitness 
levels between groups was not large enough to realize 
differences in the CV reactivity during the performance of 
stressful tasks, and at the very least, the null effects of 
these studies do not generalize to poorly fit subjects.
When the lower fit group presents a V02max of 30-35
ml/kg/min, however, at least two investigations report group 
differences in plasma NE reactivity. Sinyor et al. (1983), 
demonstrated a delayed onset of plasma NE increase in poorly 
fit subjects (V02max = 33 ml/kg/min) when compared to their 
fit counterparts (V02max = 69 ml/kg/min). However, the 
authors reported no group differences in the overall change 
in plasma NE levels as a result of task performance. Data 
from Sothmann et al. (1987) also revealed that "untrained" 
subjects (V02max = 32 ml/kg/min) demonstrated a delayed
onset of increased NE levels as compared to "trained" 
subjects (V02max = 51 ml/kg/min) during the performance of a
familiar stressor. From the results of this latter study, 
Sothmann et al. also interpreted the longer performance time 
of post-stimulation anagram solving among the more poorly 
fit subjects as implicating greater cognitive fatigue. In 
contrast to the data from Sinyor et al., however, Sothmann 
and colleagues observed greater reactivity of plasma NE 
levels in untrained relative to trained groups during the 
performance of a familiar reaction time task. There are 
some problems with the Sothmann data that should be
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mentioned. First, it was noted that the poorly fit subjects 
had a significantly higher percentage of body fat than their 
highly fit counterparts. As mentioned earlier, there is an 
emerging consensus that more obese individuals respond to 
psychological stress with greater adrenergic reactivity. 
Furthermore, the poorly fit subjects demonstrated a 
relatively large standard deviation in NE reactivity, 
therefore the authors suggest that the observed group 
differences may have been due to the responses of only a few 
hyperreactive poorly fit subjects. These problems may 
confound the data from the Sothmann et al. study as well as 
any others that lack control in these areas.
It is apparent that through repeated physical stress 
the potential for maximal NE appearance increases 
exponentially compared to maximal work load. (Kjaer and 
Galbo, 1988). Therefore, the potential for the expression 
of a heightened plasma NE is actually enhanced through 
chronic exercise training. The discrepant results of the 
aforementioned studies on catecholamine reactivity to novel 
(Sinyor et al., 1983) and familiar (Sothmann et al., 1987) 
cognitive stressors suggest that this effect of physical 
training may also extend to reactivity during periods of 
psychological challenge. As suggested in recent symposia 
by Sothmann, Hart, and Horn (1991) and Cox (1991), when 
compared to poorly fit or inactive counterparts, highly fit 
or highly trained individuals may respond with less 
autonomic reactivity to familiar stressors, but potentially
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greater autonomic reactivity to novel stressors. This 
implies that a unidimensional model does not sufficiently 
describe this relationship. The apparent discrepancy of 
results from the above studies (Sinyor et al., 1983 vs. 
Sothmann et al., 1987) would fit with the suggested 
multidimensional model of Sothmann et al. (1991). This 
hypothesis may also extend to resultant CV reactivity during 
the performance of a cognitive challenge as evidenced by the 
results of deGeus et al. (1993) who observed greater BP 
reactivity and a trend towards greater HR reactivity among 
"fit" subjects during the performance of a novel reaction 
time task, and the results of Light, Obrist, James, et al. 
(1987) who observed smaller HR and BP responses among 
"active" subjects during mental arithmetic, but larger 
reactivity during competitive card games. In the latter of 
these two studies the higher reactivity during competitive 
card games may have been a manifestation of task novelty, 
level of personal involvement in performing the task or 
both.
Studies of E responses during psychological stress have 
failed to yield significant differences on the basis of 
maximal aerobic power (Claytor et al., 1988; Cleroux et al., 
1985; deGeus et al., 1993; Hull et al., 1984; Sothmann et 
al., 1987). However, E appearance rates have been found to 
be particularly sensitive to states of perceived distress 
and lack of control (Claytor et al., 1988) although no 
differences appear to exist relative to aerobic fitness or
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power level (Brooke & Long, 1984; Claytor et al., 1988, 
Sinyor et al., 1988). These negative findings are 
interesting in light of the research that indicates 
augmented E in highly trained individuals during physical 
stress (Kjaer, Farrell, Christensen, & Galbo, 1986; Kjaer & 
Galbo, 1988).
In addition to E and NE, the implications of the 
activity of other neuropeptides relative to the CV stress 
response have also been of interest. Whereas vigorous
exercise is known to facilitate the release of 
proopiomelanocortin-derived peptides such as beta-endorphin 
(Meyerhoff, Oleshansky, & Mougey, 1988; Oleshansky, 
Zoltnick, Herman, Mougey, & Meyerhoff, 1990), and whereas 
such hormonal activity subsequent to exercise has been found 
to inhibit sympatho-adrenomedullary and pituitary-
adrenocortical hormone release (Grossman et al., 1984), it 
was hypothesized by McCubbin et al. (1992) that indiviudals 
who participate in regular physical activity might also 
benefit from heightened opioidergic activity during
psychological stress, and that such benefit would be 
realized in diminished CV stress reactivity.
Therefore, McCubbin and colleagues (1992) selected 28 
college aged males to be assigned to groups based on aerobic 
power. These subjects were then evaluated for CV reactivity 
to mental arithmetic under placebo and pharmacological 
blockade of opioidergic receptors by Naloxone. There were, 
however, some potential problems with their design. For
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example, the group means for V02max were 36.6+/-1.34 vs. 
44.7+/- 1.15 ml/kg/min. Although significantly different, 
these do not allow for externalization of results across a 
particularly wide population of individuals. Furthermore, 
although aerobic power and activity are not synonymous with 
each other, the authors felt confident that the correlation 
of 0.668 between self-report of activity and V02max was
impressive enough to make inferences with regard to activity 
as well as aerobic power.
Nonetheless, McCubbin et al. (1992) demonstrated that 
"fit" subjects (perhaps better stated as moderately fit) 
demonstrated a smaller HR reactivity to mental arithmetic 
than did the "non-fit" (or perhaps lower fit) group. 
Furthermore, the effect of Naloxone was more pronounced 
among "fit" subjects, (i.e., heart rate reactivity increased 
in "fit" subjects during blockade, but did not in "non-fit" 
subjects) suggesting that opioid activity may play a 
significant role in the differences in the CV reactivity 
patterns observed between "fit" and "non-fit" individuals in 
this study.
Mean arterial pressure was also higher in "non-fit" 
subjects immediately prior to and following the mental 
arithmetic task. Following the administration of Naloxone, 
however, the pre-stress values for MAP were not different 
between groups. It is unclear as to why the Naloxone 
affected reactivity of HR, but not pre-stress values for 
blood pressure; however, it is suggested by the authors that
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the anticipation of stress and the actual active coping 
performed during application of the stressor may elicit a 
different pattern of CV adjustments.
Longitudinal Studies
Similar to the results of observational studies, 
investigations regarding the effect of an exercise training 
regimen on CV reactivity during cognitive challenge have 
yielded no conclusive results. A summary of results from 
these studies is given below in Table A. 3.
Investigations involving less than 12 weeks of exercise 
training have consistently demonstrated no effect on CV 
adjustments during cognitive stress (deGeus et al.f 1990; 
Keller & Seraganian, 1984; Seraganian, Roskies, Hanley, 
Oseasohn, & Collu, 1987; Sinyor et al., 1986; Sinyor et al., 
1988; Steptoe et al., 1990).
The brevity of these studies makes suspect the 
inferences from these data regarding the usefulness of 
chronic exercise as a tool for psychological stress 
management. Additionally, most of these longitudinal 
studies, which have yielded non-significant effects, have 
also been poorly controlled for exercise dose. For example, 
although most of the exercise treatment programs were based 
on reasonable principles of training, including 30 minutes 
of activity at 60-75% of maximal functional capacity, 
several authors based their exercise prescription on 
submaximal exercise tests (Sinyor et al., 1986; Sinyor et 
al., 1988; Steptoe et al., 1990), and one author used a
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Table A.3.
Results of Longitudinal Studies on Aerobic Activity and 
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field step test to evaluate exercise capacity (Keller & 
Seraganian, 1984). Furthermore, many of the exercise 
treatment sessions were not closely supervised. Steptoe et 
al. supervised one exercise session per week and relied on
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self-report of activity for the other three weekly sessions 
involved in their treatment procedure, and, two studies 
(Keller & Seraganian; Sinyor et al., 1986) were apparently 
very unstructured as the indicated modality of exercise was 
a YMCA adult fitness class which involved some walking. 
Clearly, the lack of control for exercise dose in these
studies presents problems for making valid inferences about 
the effects of an aerobic training program.
Of those studies indicating no significant effects of 
chronic aerobic exercise on CV reactivity during 
psychological stress, only one utilized maximal exercise
testing and highly supervised exercise treatment sessions 
(deGeus et al., 1990). Unfortunately, this study lasted 
only 7 weeks, which may not have been of sufficient length 
to elicit "significant" training adaptations relative to 
stress reactivity.
The only data revealing a short term (less than 12 weeks) 
training effect on CV reactivity during psychological stress 
is that presented in a symposium by Claytor (1991), wherein 
20 college aged males underwent 10 weeks of aerobic exercise 
(80-90% V02maxf for 30 minutes or more, 4 days per week) 
resulting in a 20% increase in V02max« Prior to and
following the training period these subjects were compared
to non-exercise control subjects for CV reactivity during 
mental effort. The data revealed a training-induced 
attenuation of blood flow responses to mental effort. 
Because HR and MAP reactivity were not different between
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trained and control conditions, Claytor attributed the 
differences in blood flow to a possible training-induced 
attenuation of SV reactivity, and augmented TPR reactivity, 
or both. These results suggested that while changes in 
blood pressure remained constant following training, the 
mechanisms for blood pressure did not. One may surmise 
then, that while CO reactivity was reduced, TPR reactivity 
must have increased subsequent to the training regimen.
The results of Claytor (1991) exemplify an important 
consideration in CV psychophysiology. Had this author only 
measured HR and MAP, the data would have suggested that 
there were no CV training adaptations relative to 
psychological stress reactivity. However, because blood 
flow reactivity was measured, and appeared to be attenuated 
as a result of training, the author was able to formulate 
further hypotheses about the potential impact of exercise 
training on such indices as SV and TPR. Unfortunately, 
several of the longitudinal studies regarding exercise and 
CV reactivity during psychological stress have investigated 
only HR and/or BP reactivity (Blumenthal et al., 1988; 
Blumenthal et al., 1990; Holmes and McGilley, 1987; Keller 
and Seraganian, 1984; Siconolfi, et al., 1985; Sinyor et 
al., 1986; Sinyor et al., 1988; Steptoe et al., 1990; Thayer 
& Rendeiro, 1987). To suggest that these indices provide a 
sufficient characterization of CV reactivity would be 
misleading.
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Nonetheless, every study involving 12 weeks or more of 
exercise reports significant differences in CV reactivity 
following training, (Blumenthal et al., 1988; Blumenthal et 
al., 1990; Cleroux et al., 1985; deGeus et al., 1993; Holmes 
& McGilley, 1987; Sherwood, Light, & Blumenthal, 1989), 
including those that are limited to the presentation of HR 
and BP reactivity data.
Cleroux et al. (1985) observed training-induced 
attenuation of BP responses during performances of a video 
game among young labile hypertensive subjects. However, the 
authors found that this effect was limited to blood pressure 
as there were no differences in HR, plasma NE, and E as a 
consequence of 20 weeks of exercise training. This is 
supported by the data of Sherwood et al. (1989) who 
demonstrated 12 weeks of aerobic conditioning to be 
associated with a decrease in diastolic BP reactivity during 
the performance of a reaction time task among hypertensive 
Type A subjects. Results such as these have led 
investigators to hypothesize that any benefit from exercise 
training with regard to cardiovascular reactivity during 
mental effort may be limited to those individuals who have 
been identified as possessing some condition relating to 
hyperreactivity such as those with hypertension or possibly 
those with Type A personalities. In further support of this 
possibility, Blumenthal et al. (1988, 1990) demonstrated
that Type A men realize a smaller reactivity following 12 
weeks of aerobic training (70% V02max for 30 minutes or
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more, 3 times per week) but not following 12 weeks of 
strength and flexibility training.
In addition to DBP, Blumenthal and colleagues (1988, 
1990) have reported slightly, but significantly attenuated 
HR reactivity following 12 weeks of aerobic exercise. 
Unfortunately, they did not include a control group in 
either study. Therefore the small, but significant 
differences in post-training stress reactivity cannot be 
clearly attributed to the effects of either aerobic or 
resistance training. Only one other study has suggested 
smaller heart reactivity during mental effort as a 
consequence of exercise training (Holmes & McGilley, 1987). 
However, in this latter study, the attenuated HR response 
following exercise training was limited to those subjects 
who initially presented with a "low" level of aerobic 
"fitness", and significantly higher baseline heart rates 
when compared to their "high fit" counterparts.
Many psychophysiological investigations are now 
employing impedance cardiography, which provides a more 
comprehensive assessment of CV reactivity. Although there 
are but a small handful of exercise training studies which 
have utilised this technique, those investigations which are 
available have provided significant evidence in support of a 
long term training effect on CV reactivity during 
psychological stress. For example, although deGeus et al. 
(1993), found no differences in HR or BP reactivity as a 
consequence of either 4 or 8 months of chronic aerobic
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training, the authors did find that TPR reactivity to a tone 
avoidance task was significantly lowered by long-term (8 
months), but not short-term (4 months) aerobic training. 
Interestingly, prior to exercise training, the subjects 
assigned to the exercise group, when compared to controls, 
demonstrated a greater increase in TPR during the tone 
avoidance task. A similar trend was seen with regard to 
reactivity during the memory search task; however, this did 
not reach statistical significance. The CO response to both 
the tone avoidance and memory search tasks followed a 
similar but opposite pattern in the long-term training 
group, i.e., a moderate increase in CO reactivity. There 
were no training effects associated with short-term (4 
month) training.
The appearance of a smaller TPR reactivity during 
psychological stress as a consequence of 8, but not 4, 
months of aerobic training, suggests that adaptations of the 
systemic circulation may take longer to appear or detect 
than allowed for by short term training studies.
The training-induced attenuation in TPR reactivity 
demonstrated by deGeus et al. (1993), however, is not in 
agreement with the results of Sherwood et al. (1989) or the 
data presented in Claytor's recent symposium (1991), wherein 
heightened TPR responsiveness appeared as a consequence of 
aerobic training. In a prior study, deGeus et al. (1990) 
found no differences in reactivity or recovery of many CV 
parameters including HR, PEP, BP, CO, SV, and TPR as a
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consequence of a 7 week training program. However, percent 
increase in VO2̂ ay was associated with a decrease in vagal
withdrawal during active coping (r=0.54, p<0.05 and r=0.56, 
p<0.05 for reaction time-tone avoidance and memory search 
tasks, respectively). Therefore, in this particular study, 
the use of impedance cardiography demonstrated that short­
term exercise training may be associated with some small, 
but significant changes in parasympathetic reactivity during 
mental challenge even though there were no significant 
changes in cardiac chronotropic or inotropic function as a 
result of training.
In humans, exercise training has been associated with 
decreased resting circulating levels of norepinephrine (NE) 
in healthy (Jennings, Nelson, Nestel, Esler, Korner, & 
Burton, 1986; Jost, Weiss, & Weicker, 1989; Jost, Weiss, & 
Weicker, 1990), and diseased (Cooksey, Reilly, Brown, 
Bromze, & Cryer, 1978; Duncan et al., 1985) individuals. 
This phenomenon appears to be primarily due to a decreased 
NE appearance rate in plasma, and is conspicuously 
coincidental with decreased TPR (Jennings et al., 1986). 
However, other studies have failed to demonstrate a 
relationship between training and plasma catecholamine 
levels. (Brundin & Cernigliaro, 1975; Cleroux, Peronnet, & 
DeChamplain, 1984, Cleroux et al., 1985; Ehsani, Heath, 
Martin, Hagberg, & Holloszy, 1984; Hagberg et al., 1984? 
Hartley et al., 1972? Schwartz, Jaeger, Veith, &
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Lakshminarayan, 1990; Winder, Hagberg, Hickson, Ehsani, &
McLane, 1978.)
The effect of exercise on basal NE levels per-se, 
however, is not the focus of this review and therefore the 
above studies will not be discussed in detail except to say 
that there is no apparent consensus on the effect of 
exercise training on resting plasma catecholamine 
concentration, and that some of the conflict may be due to 
differences in experimental design. For example, Jennings 
et al. (1986) found differences in basal catecholamine 
levels after 7 day/week training but not after 3 day/week 
training. Furthermore, Schwartz et al. (1990) found a 17% 
decrease in NE appearance when exercise was accompanied by 
weight loss, but no change in resting NE when weight was 
maintained throughout the training period, and lastly, those 
studies with the largest differences pre and post training 
evaluated diseased populations, and primarily those who were 
initially hyperadrenergic (Cooksey et al., 1978; Duncan et 
al., 1985). This was also realized in hyperadrenergic, but 
otherwise apparently healthy middle aged men (Sothmann et 
al., 1991).
Impedance cardiography and ECG spectral analysis, as 
well as invasive techniques, have also been employed in 
attempts to identify autonomic and neuroendocrine training 
adaptations relative to stress reactivity. Such
longitudinal studies are most appropriate for identifying 
1). a modified catecholamine response relative to a
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preexisting baseline and 2). adjustments in the absolute 
levels of circulating catecholamine at rest that carry over 
to hyperdynamic states.
The investigation by deGeus et al. (1990), wherein a 
trend was observed towards a relationship between seven 
weeks of training and smaller vagal withdrawal during 
cognitive challenge, is the only human subject study which 
hints at neuroendocrine adaptations to exercise training 
relative to stress reactivity. No longitudinal studies 
using human subjects (Blumenthal et al., 1990; Cleroux et 
al., 1985; deGeus et al., 1993; Sinyor et al., 1988) have 
identified any other training adaptation in neuroendocrine 
or catecholamine reactivity. However, animal models (see 
symposium by Cox, 1991) have demonstrated that chronic 
aerobic exercise training may potentiate a significantly 
smaller degree of vagal withdrawal during passive stress. 
However, it is difficult to externalize the results of 
animal studies to humans as the presence of similarities in 
cognitive processes and coping mechanisms are unlikely. 
Furthermore, the length and the degree of aversiveness 
placed upon animals is generally higher than that which 
would be considered acceptable regarding the treatment of 
human subjects. Animal studies have also typically employed 
tail shock as the stressor, which would best be described as 
evoking passive rather than active coping techniques. And 
lastly, the training regimens of animals often involve
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significantly longer exercise bouts than those applied to 
humans.
Summary & Conclusions
During the performance of tasks requiring mental 
effort, human subjects typically demonstrate CV adjustments 
which are, to some degree, reliable, as is evidenced by good 
test-retest correlations for many indices of CV function. 
Although the magnitude of the absolute change in indices of 
CV function that are manifest differs from task to task, the 
literature does suggest some inter-task reliability. That 
is, those subjects who present exaggerated responses during 
one form of mental challenge typically reveal exaggerated 
responses to other cognitive tasks as well.
Exaggerated patterns of CV adjustments during mental 
effort have consistently been associated with hypertension 
and CAD, with but a few exceptions. The observation of this 
relationship has prompted much of the research regarding 
inter-individual differences in the psychophysiological 
response during mental effort, as well as other forms of 
psychological stress (e.g., passive coping). Among those 
characteristics which have been investigated are familial 
influences and family history of disease, race, chronic 
disease state, personality type or behavior pattern, age, 
gender, level of aerobic power, and level of chronic aerobic 
activity. Results from these studies point towards several 
potential sources of confounding information which require 
experimental or statistical control in order for valid
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inferences to be made. For example, personality type is 
known to effect the magnitude of CV adjustments during 
mental effort. Type A individuals, being generally more 
task oriented and competitive, commonly display greater 
reactivity than their Type B counterparts. Furthermore, it 
is likely that hostility is the most toxic component of the 
Type A behavior pattern. Recent research using monozygotic 
and dizygotic twins has pointed towards a significant role 
of genetic influences on the CV stress response, and, the 
research also indicates that this influence is separate from 
and greater than "same home" psychosocial influences. 
Results from such studies have demonstrated a difference in 
the overall pattern of CV responses during mental effort. 
Closely related to genetic information is the family history 
of disease. Evidence suggests that subjects with a family 
history of hypertension or myocardial infarction are prone 
to respond with greater CV adjustments than subjects who 
present no family history of CV diseases. Likewise, 
subjects suffering from a chronic CV disease also appear to 
respond with greater CV reactivity during mental effort. 
Differences between Blacks and Whites have also been 
rigorously examined. Blacks have appeared to consistently 
present greater peripheral reactivity (BP, TPR), while White 
subjects are more apt to respond with greater central CV 
adjustments (HR, SV, CO). The effects of age and gender on 
CV adjustments during mental effort have not been clearly 
revealed. However, the little evidence that is available
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suggests that age may interact with other characteristics 
such that inter-individual differences in CV responses may 
become greater over the age of 40 (Hull et al., 1984). With 
regard to gender, it has become apparent that fluctuations 
in the menstrual cycle have a significant impact on women's 
CV stress reactivity, and that gender differences are 
therefore, related to the point in time at which female 
subjects are evaluated.
In addition to inter-individual differences as they 
pertain to CV stress responses, there also exist some 
characteristics related to the interaction of subjects and 
the task itself. Two of the most common issues in this 
regard are task desensitization and the involvement or 
perceived difficulty of the task. It is clear that subjects 
typically respond with smaller CV adjustments following a 
period of familiarization with the task, and therefore 
become "desensitized" to the stressful condition. 
Furthermore, the magnitude of CV responses during laboratory 
experiments has been correlated with perceived task 
difficulty as well as error rate. The exception to this 
observation has been noticeably smaller CV adjustments 
during impossible tasks, which may indicate a subject's 
removal of involvement with task performance.
In order to make valid inferences from observational or 
training studies regarding aerobic power and activity, the 
above issues should be controlled, either statistically or 
through proper experimental design. Unfortunately, much of
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the work in this area has lacked proper control for these 
issues, which has likely contributed to the appearance of 
disparate results heretofore found within the literature. 
Nonetheless there appears to be significant evidence that 
can be gleaned from the collective results of these studies.
Results from cross-sectional studies have often 
indicated attenuated inotropic (SV, CO) and chronotropic 
(HR, HP) stress reactivity among "fit" subjects as compared 
to their less fit counterparts. Studies which have 
investigated self-report of activity most often report no 
significant differences in central CV reactivity.
Although there is some argument as to whether relative 
changes in cardiac chronotropy during mental effort are 
attenuated in more fit individuals, there is no argument 
that at any level of stress, whether physical or 
psychological, chronic aerobic training and improvement in 
aerobic power is associated with lower absolute heart rates. 
Because such lower heart rates have been, on occasion, seen 
coincidentally with decreased plasma catecholamine 
concentration, it has been hypothesized that the lower heart 
rates seen at rest, as well as during other conditions, are 
a manifestation of a training-induced smaller beta- 
adrenergic drive. However, observational as well as 
experimental training studies utilizing dual pharmacological 
blockade of both sympathetic and parasympathetic activity 
have demonstrated that both training and high level of 
aerobic power are associated with lower intrinsic heart rate
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(B) (Kingwell, Dart, Jennings, & Komer, 1992; Sutton, Cole, 
Gunning, Hickie, & Seldon, 1967), and that this component of 
Bemtson's (Bemtson et al., 1991) linear equation for 
autonomic influences over cardiac (or other end organ) 
function, is the component which is most greatly affected by 
aerobic power/activity. The only real support for a 
fitness-related smaller response in central beta-adrenergic 
drive during mental effort has come from two fairly recent 
observational data sets (deGeus et al., 1990; vanDoomen & 
deGeus, 1989) both of which present a significant negative 
relationship between aerobic power (V02max) and cardiac PEP.
Training studies, however, have not demonstrated a 
relationship between PEP and improvement in aerobic power.
As previously mentioned, changes in parasympathetic 
activity can affect end-organ function regardless of and 
unrelated to changes in sympathetic function. Indeed the 
above studies (deGeus et al., 1990; vanDoomen & deGeus, 
1989) have also indicated a possible relationship between 
aerobic power and RSA (or HRV) reactivity in that the most 
"fit" subjects experience less vagal withdrawal during 
active coping. This effect has only been observed as a 
trend following seven weeks of aerobic training (deGeus et 
al., 1990), which, to date has been the only training study 
to evaluate RSA reactivity. Therefore, the observed 
differences in central reactivity as a consequence of 
aerobic power and/or exercise training may likely be a 
manifestation of intrinsic heart function, parasympathetic,
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and sympathetic drive, and in accordance with Bemtson's
(1991) theory of autonomic influence, the behaviors of these 
separate influences are not necessarily coupled to one 
another.
Further investigation of autonomic control is needed. 
The relationship between exercise training and increased 
parasympathetic tone (and increased HRV) (DeMeersman, 1993; 
Han, Bachmann, Hamamoto, & Yamamoto, 1995; Sacknoff, Gleim, 
Stachenfeld, & Coplan, 1994), together with evidence 
suggesting poor parasympathetic tone (and poor HRV) is 
associated with sudden death and other dysrhythmias, 
establish the importance of investigating the effect of 
exercise training on parasympathetic tone at rest and during 
periods of vagal withdrawal (e.g. active coping). This may 
prove to be of particular importance with regard to those 
groups of individuals who are most predisposed to cardiac 
dysrhythmias, such as those with congestive heart failure, 
many of whom have been heretofore discouraged from 
participating in exercise programs.
Smaller adjustments in indices of systemic CV 
activity, such as BP and TPR, have been significantly 
correlated to both cross sectional studies as well as 
investigations of relatively long periods of exercise 
training (12 weeks or more). The fact that these changes in 
reactivity are known to exist only among those individuals 
who have reported long periods of activity or are known to 
have participated in longer training studies, but not
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an effect comes as a result of long term training 
adaptations. One hypothesis requiring further evaluation is 
the possibility that the adaptation of increased skeletal 
muscle capillary density associated with aerobic 
conditioning provides an anatomical advantage which can be 
realized during not only physical effort, but mental effort 
as well. Such an adaptation has the potential for enhancing 
systemic vascular compliance, thereby resulting in 
attenuated BP and TPR responses, which is consistent with 
recently published research by deGeus et al. (1993), but not 
the unpublished data of Claytor (1991). Therefore, in terms 
of peripheral CV reactivity, redistribution of blood flow 
appears to be a promising avenue for psychophysiological 
research.
Some other interesting points can be drawn from the 
data. First of all, the data seem to indicate some possible 
interactions between aerobic power or chronic activity and 
other modifiers of the CV stress response. It has appeared 
as though the greatest fitness-related benefit, that is, the 
realization of attenuated CV responses to stress, is seen in 
those who are initially hyperdynamic or present other 
conditions such as Type A behavior pattern, or a very poor 
level of fitness (as opposed to more moderately fit 
subjects), all of which are thought to be related to the 
magnitude of psychophysiological responses. Furthermore, 
because Black subjects tend to demonstrate stronger systemic 
reactivity during stress as compared to Whites who typically
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demonstrate stronger central CV reactivity, it might be 
anticipated that a long term aerobic training program might 
interact with race in such a fashion that Black subjects 
would experience a greater training effect in terms of 
systemic CV reactivity to psychological stress.
Another area that is of particular interest is the 
notion that fitness and/or training may interact with the 
familiarity of the task in terms of the resultant CV 
responses. The hypothesis of Kvetnansky (1980) and more 
recently Sothmann et al. (1991) that high levels of aerobic 
power or chronic aerobic activity may be associated with 
greater neuroendocrine and possibly, therefore, CV 
reactivity, during the performance of novel tasks, and that 
familiar stressors appear to evoke smaller CV responses in 
more fit or more active subjects is quite interesting in 
light of what is known about training adaptations relative 
to physical exertion. After all, at any given level of 
physical work, exercise training results in reduced CV 
reactivity in terms of HR, BP, and blood flow responses; 
however, the maximal work capability of the CV system, in 
terms of CO, SV, and absolute maximal skeletal muscle blood 
flow is significantly higher among trained subjects. This 
very interesting hypothesis requires more investigation, and 
if found to hold true, would have implications for 
relaxation techniques and systematic desensitization to 
accompany exercise training in order to maximize cardio­
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protective benefits from participation in fitness and 
wellness programs.
In conclusion, it is clear that the disparate results 
of previous work and the potential for the involvement of 
significant confounding information continue to establish 
the need for more research in this area. Though there 
appears to be the potential for a cardio-protective effect 
of exercise in psychological stress management, this concept 
is at present poorly understood. Furthermore, recent 
advances in non-invasive techniques for evaluating CV and 
neuroendocrine activity have opened avenues for extensive 
and practical studies in psychophysiology, including the 
impact of aerobic power and chronic aerobic activity on CV 
adjustments during mental effort.
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Methodology of the Power Spectral Analysis 
Spectral analysis of heart rate variability (HRV) was 
introduced in the late 1960s (Penaz, Roukens, & VanDeWaal, 
1968) and early 1970s (Sayers, 1973). This technique 
provides not only a general quantification of the variance 
of sequential R-R intervals (i.e. total power), but also 
provides information regarding frequency specific 
oscillations in the heart rate tachogram.
Spectral analysis involves the use of the fast Fourrier 
transformation (FFT). This transformation provides a linear 
model for decomposing a series of sequential R-R intervals 
(x[n]) into a complex sum of sinusoidal functions of 
different amplitudes and frequencies (X[m]). Among the 
assumptions of employing the FFT for spectral analysis are 
the requirements that the signal is periodic and stationary. 
In order to remove non-stationary aspects of the HR 
tachogram, the present study made use of a linear detrending 
procedure which involves subtracting a least square 
polynomial approximation from the original signal (Equation
B.l). This process of detrending, which is essentially the 
same as that of a high pass filter, eliminates very low- 
frequency (VLF) trends without any magnitude of distortion.
y[n] = x[n] - L[n] {Equation B.l}
There exist other, higher order, methods for filtering 
HR tachograms. Porges (1985) has patented the moving
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
161
polynomial filter (MPF) technique, which employs convolving 
the original signal (x[n]) with a third order 21-point
polynomial (h[n]), which results in g[n]. The convolution 
is then subtracted from a time delayed (td) version of the 
original signal to provide y[n] (Equation B.2 & B.3). After 
detrending, the frequency spectrum (X[m]) is obtained by 
applying the FFT to y[n]. Litvack, Oberlander, Carney, and 
Saul (1995) compared the use of these two filtering
techniques prior to performing the spectral analysis and 
found no significant differences in the results obtained.
y[n] = x[n- td] - g[n] {equation B.2}
y[n] = x[n- td] - (x[n] * h[n]) {equation B.3}
Once obtained, the magnitude of the linear spectrum can 
be squared and divided by the number of points in the 
transformation (N) to reveal the power spectrum 
(S^fm])(Equation B.4). This function is not necessarily 
meant to convey watts, but rather, it is conceptually useful 
to think of this quantity as representing power in a general 
sense.
S^tm] = [xrml |2 {equation B.4}
N
The power output for any given frequency band is 
determined by taking the integral of the area under the 
curve for that frequency band (/), multiplying by the number
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of samples contained in that band (As) and dividing by the 
change in frequency from the low end to the high end of the 
frequency band measured (A/) (see equation B.5).
Power = f (As) {equation B.5)
A/
The spectral analysis of HRV can be reliably performed 
on a short-lasting HR tachogram of as little as 0.5 minutes, 
and has frequently been applied to data collected over 24 
hours (van Ravenswaaj-Arts, Kollee, Hopman, Stoelinga, & 
vanGeijn, 1993).
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for the study of:
Association Between Chronic Aerobic Activity 
and Heart Rate Variability in Patients with 
Coronary Artery Disease
Invitation to Participate
I am being asked to participate in this study because I 
have experienced some "heart problems" that put me in a 
category of people among whom heart rate variability appears 
to be an important prognostic indicator of future problems. 
Furthermore, I have elected to participate in an exercise 
program involving activities which are thought to improve 
heart rate variability and therefore lower my risk for 
future "heart problems".
Procedures
As a subject in this study I will be allowing the 
investigators to review and analyze my medical records 
including the records regarding my activities at the Heart & 
Fitness Center. Most of the information collected for this 
study relates to procedures and activities routinely 
performed as a part of the Cardiac Reconditioning process. 
These include adherence to telemetry monitored exercise 
sessions, and the collection of demographic information 
(age, gender, race, height, weight, etc.). In addition, the 
investigators will ask me to answer a universally accepted 
questionnaire designed to evaluate certain aspects of my 
personality type. Furthermore, the investigators will 
evaluate changes in my "EKG" while I perform a mildly 
challenging mental task.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
165
Risks
Whereas it is generally considered that exercise 
presents certain risks to the participant, this 
investigation in and of itself presents absolutely no risks 
beyond those of participation in the Cardiac Rehabilitation 
Program.
Benefits
Participation in this study will not be of any 
particular benefit to me, rather it is the purpose of this 
investigation to determine the extent to which participation 
in cardiac reconditioning improves my prognosis for future 
problems. It is the belief of these investigators that the 
information they wish to collect will further substantiate 
the usefulness of exercise in the treatment of heart 
disease.
Alternatives
Were I not a participant in this study, I would not
answer the personality inventory mentioned above, nor would
I be asked to perform a task requiring some mental effort.
Compens ation
I understand that participation in this study results 
in no financial compensation.
Confidentiality
I understand that all information collected in this 
study will be kept strictly confidential, except as may be 
required by law. If any publication results from this 
research, I will not be identified by name.
Disclaimer withdrawal
I agree that my participation in this study is
completely voluntary and that I may withdraw at any time 
without prejudicing my standing with the General Health Inc. 
system.
(patient's signature)
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Date of Birth ___________  Age
Gender: Male Female
Race: Cauc. Afr.Am. Other
Height___________  weight (lbs.)____________  BMI
Date/Type of MI _______________________________________
Medical procedures peformed at that time:____________
Date/Type of any previous MI:______
Any other significant CV procedures
Has the subject ever been diagnosed with: Yes No
hypertension: ______  ___
diabetes: ______ ___
emphysema: ______  ___
asthma: ______  ___
hyperlipidemia:______________________________ ______  ___
Epilepsy: ______  ___
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Date________________
Current Medications:
Is the subject currently suffering from: Yes




Peripheral Vascular Disease: 
Anemia:
Signs or Symptoms of hypoglycemia: 
S & S of angina pectoris:
MMPI-Hostility Index _____________
Exercise Program: Reals/week_____








PLEASE CIRCLE "T" FOR TRUE, OR "F" FOR FALSE AS YOU RESPOND 
TO EACH OF THE FOLLOWING STATEMENTS
T F 1. I like mechanics magazines.
T F 2 . 1  work under a great deal of tension.
T F 3. At times I feel like swearing.
T F 4. I like poetry.
T F 5. I think I would like the kind of work a ranger
does.
T F 6. Once in a while I put off until tomorrow what
I ought to do today.
T F 7. I do not mind being made fun of.
T F 8. My hardest battles are with myself.
T F 9. Some people are so bossy that I feel like
doing the opposite of what they request, even 
though I know they are right.
T F 10. Often I can't understand why I have been so
irritable and grouchy.
T F 11. I have never vomited or coughed up blood.
T F 12. My conduct is largely controlled by the
behavior of those around me.
T F 13. I like to know some important people because
it makes me feel important.
T F 14. When I get bored I like to stir up some
excitement.
T F 15. I am against giving money to beggars.
T F 16. I would like to belong to several clubs.
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T F 17. Most people inwardly dislike putting
themselves out to help other people.
T F 18. I almost never dream.
T F 19. I have certainly had more than my share of
things to worry about.
T F 20. I enjoy gambling for small stakes.
T F 21. I wish I could get over worry about things I
have said they may have injured other people's 
feelings.
T F 22. I frequently ask people for advice.
T F 23. Often, even though everything is going fine
for me, I feel that I don't care about 
anything.
T F 24. It makes me nervous to have to wait.
T F 25. When I am cornered I tell that portion of the
truth which is not likely to hurt me.
T F 26. I usually work things out for myself rather
than get someone to show me how.
T F 27. Several times I have been the last to give up
trying to do a thing.
T F 28. I have often been frightened in the middle of
the night.
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Table F.l Raw Data
officer Ml j 3MI 1j Hypertension MMPI-0H 1| Kcals/weeic j 1
T uaie1 Negative i 26.50| .NO 9 1 210 57
2 Maie1 Positivei 29.90I Yes 91 225 58 1
3 Maiei Negative1 25.601 NO 16i 233 79 !
4 Male 1 Positivei 26.501 Yes 161 296 59 1
3 Male 1 Positive1 28.70 NO1 13i 3201 66
5 remale1 Positive1 25.70 Yes1 161 333j 3717 Male1 Positive | 27.40 Yes 1 7 1 388 70 i
3 Male1 Negative 1 23.00 to 171 480 301a Male Negative1 22.30 to 121 540 801
10 Maie Negative 23.20 to 11i 559 801
n Male Negative i 24.40 to 151 580 80
12 Male Negative 26.90 to 13! 584 76
13 Male Positive 29.90 Yes a1 600 52
14 Male Negative 23.70 Yes 10 628 74
IS Male Negative 24.70 to 16 723 84
16 Male Negative 24.60 to 14 731 75
17 Male Negative 24.60 Yes 11 754 78
18 Male Positive 26.80 to 13 764 75
19 Male Negative 26.70 Yes 13 772 74
20 Maie Positive 29.40 to 11 772 75
21 Male Negative 33.70 Yes 11 785 64
22 Male Negative 35.60 Yes 13 798 S3
23 Male Positive 24.30 to a 821 64
24 Male Positive 24.90 to 10 873 75
25 Male Positive 32.50 Yes n 388 63 i
26 Male Negative 22.60 Yes 10 900 70 1
27 remale Negative 29.00 No 16 917 76 1
28 Male Positive 26.S0 to 8 917 61
29 Male Negative 29.50 to 13 1024 71 1
30 Male Positive 26.40 Yes 14 1036 751
31 Male Negative 26.60 | to n 1050 731
32 Male Negative 25.50 1 to n 1054 621
33 Male Positive 1 29.90 1 to n 1100 75 1
34 Male Negative I 26.50 I to 16 1198 761
3S Male Negative 1 30.70 1 Yes 13 1242 72 i
36 Male Positive 1 31.301 to 8 1425 S3 1
37 remaie 1 Positive 1 26.30 1 Yes 10 1497 65 I
38 Male 1 Positive 1 26.70 1 Yes 17 1500 79
39 Male | Negative 1 25.30 | to 15 1544 71
40 Maie 1 Negative 1 21.301 to I 12 1592 73
41 Maie | Positive f 33.70 I Yes I 11 1750 74
42 Male i Negative 1 29.20 I to} 11 1800 73 1
1....... tr. •- - vTf-£?>.--m’TJ.I;(jl'S " —■• .*—•» KiMtrrrr.TL'. rajsfafr-irrrTi-if
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I------------ Sari -ow rreq * nu i | Surl riign rreq \nul t 3qrl SymD/Vdtjdi 3««i
PRC | CWCT | PRC | CWCT | PRC CWCT
1 .548| .378 .3761 .2901 1.455 1.305
2 .4921 .576 .124 .3821 3.969 1.506
3 .7001 .520 .539 .6631 1.300 1.086
4 .282 .378 .515 .4431 .742 .954
5 .292 .271 .955 .9551 .306 .284 |
6 .447 .412 .600 5661 .748 1.000
7 .435 .543 .666 .4601 .654 1.179
a .746 .750 .373 .395I 2.004 1.897
9 .376 .382 .576 .245 .653 1.556 |
10 .714 .574 .539 .678 I 1.327 1.131 I
11 .284 .594 .306 .484 .926 1.228 |
12 .486 .364 .493 .378 .987 .962 |
13 .716 .778 .28S .467 2.510 1.667 1
14 .900 .510 .529 .500 1.700 1.428 i
15 .598 .461 .322 .672 1.857 .686 i
16 .359 .303 .559 .369 .643 .822
17 .781 .469 .400 .500 1.952 1.131
18 .248 .436 .564 .771 .439 .565
19 .333 .420 .423 .485 .788 .866
20 .510 .640 .480 .510 1.063 1.225
21 .429 .634 .260 .422 1.649 1.502
22 .412 .480 .436 .539 .943 .889
23 .635 .511 .277 .397 2.295 1.287
24 .520 .566 .480 .490 1.082 1.020
25 .326 .276 .264 .346 1.238 .798
26 .389 .624 .707 .678 1.257 .894
27 .378 .348 .575 .379 .658 .919
28 .345 .711 .337 .343 1.024 2.073
29 .332 .430 .281 .719 1.181 .S98
30 .600 .500 .600 .714 1.000 .866
31 .518 .496 .543 .495 .962 1.003
32 .473 .574 .763 .603 .619 .951
33 .212 .487 .979 .367 .217 .561
34 .338 .260 .738 .796 .4S7 .327
35 .376 .563 .869 .537 .433 1.244
36 .631 .559 .192 .308 3.291 1.816
37 .344 .338 .844 .534 .407 .632
38 .592 .755 .510 .748 1.162 .927
39 .850 .309 .312 .424 2.726 .728
40 .584 .580 .624 .425 .937 1.367̂
41 .221 .442 .172 .343 1.280 1.290
42 .523 .333 .589 .578 .7S9 .575 |
•• •-
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rotal Activity Level
w t  ; i -r  —  a sSCrr _*“■ Total Power
PRC CWCT PRC CWCT PRC CWCT 1
1 120 441 Low 2.389 2.950 4.787 6.089 1
2 801 178 Low 3.353 2.610 6.686 5.1821
3 289 142 Low 2.333 2.477 5.666 4.953 1
4 151 245 Low 2.632 2.890 5.017 5.501 1
s 810 652 Low 3.648 3.526 5.697 6.480 1
s 144 180 Low 2.485 2.595 4.970 5.191 I
7 248 302 Low 2.760 2329 5.513 5.710 I
3 490 512 Low 3.127 3.211 5.194 6.238 1
9 1267 1145 Low 3.991 3.541 7.144 7.043 1
10 1576 1289 Low 3.681 3.581 7.363 7.161
11 671 252 Low 2.896 2845 6.S09 5.529 I
12 317 378 Low 2.779 2.809 S.759 5.935
13 3421 928 Low 3.963 3.414 8.138 6.833 1
14 313 250 Low 2.874 2.760 5.747 5.5201
15 193 188 Moderate 2.660 2625 5.263 5.236
16 333 309 Moderate 2.950 2803 5.808 5.733
17 2237 384 Moderate 3.857 2.976 7.713 5.951
18 179 163 Moderate 2.660 2.573 5.187 5.094
19 162 85 Moderate 2.565 2104 5.088 4.443
20 339 262 Moderate 2312 2741 5.825 5.570
21 1153 482 Moderate 3.490 3.091 7.050 6.178
22 320 773 Moderate 2.88S 3.325 5.770 6.650
23 588 1197 Moderate 3.140 3.428 6.377 7.088
24 172 132 Moderate 2.5 95 2442 5.14S 4.885
25 676 459 Moderate 3.178 3.109 6.516 6.129
26 1568 655 Moderate 3.679 3343 7.358 6.485
27 224 446 Moderate 2.760 3.030 5.412 6.100
28 361 400 Moderate 2323 2.986 5.889 S.991
29 1670 481 High 3.664 3.300 7.421 6.176
30 1067 467 High 3.515 3.073 6.973 6.14S
31 7611 2384 High 4.475 3.882 8.937 7.777
32 154S 2864 High 3.711 4.171 7.343 7.960
33 1002 70S High 3.431 3.127 5.910 6.558
34 882 207 High 3.391 2.791 6.782 5.333
35 720 714 High 3.350 3.381 5.579 6.571
36 980 570 High 3.395 3.235 6.888 6.346
37 449 456 High 3.118 3.575 5.107 6.122
38 778 767 High 3.329 3.321 6.657 6.643 1
39 216 273 High 2.912 2.851 5.375 5.609 1
40 126 377 High 2.803 3.030 4.836 5.932 |
41 2397 1088 High 4.043 3.520 7.971 6.992 I
42 1040 813 High 3.529 3.459 6.947 6.701 1
-- . - ...
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Low Freg Power (nul High Freq Power (nul Svmoachovaqal Balance SDrr
PRC | CWCT PRC CWCT PRC CWCT PRC j CWCT
1 .30 .14 .14 .08 2.12 1.70 10.90 19.10
2 .24 .33 .02 .15 15.75 2.27 28.60 13.603 .49 .27 .29 .44 1.69 1.18 17.00 11.904 .15 .14 .26 .20 .55 .73 13.90 18.005 .09 .07 .91 .91 .09 .08 38.40 34.00
6 .20 .17 .36 .32 .56 1.00 12.00 13.407 .19 .29 .44 .21 .43 1.39 15.80 18.70
3 .56 .56 .14 .16 4.01 3.60 22.80 24.809 .14 .15 .33 .06 .43 2.42 54.10 34.5010 .51 .33 .29 .46 1.76 1.28 39.70 35.9011 .08 .35 .09 .23 .86 1.51 18.10 17.20
12 .24 .13 .24 .14 .97 .93 16.10 16.60
13 .51 .60 .08 .22 6.30 2.78 52.60 30.4014 .81 .26 .28 .25 2.89 2.04 17.70 15.80
15 .36 .21 .10 .45 3.45 .47 14.30 13.8016 .13 .09 .31 .14 .41 .68 19.10 16.5017 .51 2 2 .16 .25 3.81 1.28 47.30 19.6018 .06 .19 .32 .60 .19 2 2 14.30 13.10
19 .11 .18 .18 .24 .62 .75 13.00 8.2020 .26 .41 .23 .26 1.13 1.50 18.40 15.50
21 .18 .40 .07 .18 2.72 2.26 32.80 22.0022 .17 .23 .19 .29 .89 .79 17.90 27.80
23 .40 .26 .08 .16 5.27 1.66 23.10 30.8024 .27 .32 .23 .24 1.17 1.04 13.40 11.50
25 .11 .08 .07 .12 1.53 .64 24.00 22.40
26 .79 .39 .50 .46 1.58 .80 39.60 25.6027 .14 .12 -33 .14 .43 .84 15.80 20.70
28 .12 .50 .11 .12 1.05 4.30 18.60 19.80
29 .11 .19 .08 -52 1.40 .36 39.00 27.10
30 .36 .25 .36 .51 1.00 .75 33.60 21.60
31 .38 .2S .41 .24 .92 1.01 87.80 48.50
32 .22 .33 .58 .36 .38 .90 40.90 64.80
33 .04 .24 .96 .75 .05 .32 30.90 22.80
34 .11 .07 .54 .63 .21 .11 29.70 16.30
3S .14 .45 .76 .29 .19 1.55 28.50 29.40
36 .40 .31 .04 .09 10.33 3.30 29.80 25.4037 .12 .11 .71 .29 .17 .40 22.60 35.70
38 .35 .57 .26 .56 1.35 .86 27.90 27.70
39 .72 .10 .10 .18 7.43 .53 18.40 17.30
40 .34 .34 .39 .18 .88 1.87 16.50 20.70
41 .05 .20 .03 .12 1.64 1.66 57.00 33.80
42 .27 .11 .47 .33 .58 .33 34.10 31.80
...-- | • - -■ - •- ■
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Table G.l
AITOVA Summary Table LOl Ol'lJ.
Source df Sum of Squares Mean Square F-Value P-Value
Activity Level 2 27.319 13.657 1.337 .2743
Residual 39 398.344 10.214
Dependent: BMI
Table G.2
ANOVA Summary Table for Age
Source df Sum of Squares Mean Square F-Value P-Value
Activity Level 2 17.190 8.595 .117 .8898
Residual 39 2863.214 73.416
Dependent: Age
Table G.3
ANOVA Summary Table for Raw Score on the MMPI-OH
Source df Sum of Squares Mean Square F-Value P-Value
Activity Level 2 2.714 1.357 .172 .8429
Residual 39 308.429 7.908
Dependent: MMPI-OH
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Table G.4
ANOVA Summary Table for Natural Logarithm of SDrr
Source df Sum of Squares Mean Square F-Value P-Value
Activity Level 2 3.151 1.576 5.424 .0083
Subject(Group) 39 11.330 .291
Condition 1 .298 .298 4.907 .0327
Cond. * Act. 2 .009 .004 .073 .9297
Cond.* (Group) 39 2.366 .061
Dependent: Ln sdrr 
Table G.5
ANOVA Summary Table for Natural Logarithm of Total Power
Source df Sum of Squares Mean Square F-Value P-value
Activity Level 2 8.691 4.346 3.744 .0326
Subject(Group) 39 45.270 1.161
Condition 1 1.326 1.326 5.008 .0310
Cond. * Act. 2 .097 .048 .183 .8336
Cond. * (Group) 39 10.324 .265
Dependent: Ln Total Power





Table for Square Root of Normalized Low
Source df Sum of Squares Mean square F-Value P-value
Activity Level 2 .025 .013 .354 .7042
Subject(Group) 39 1.399 .036
Condition 1 .001 .001 .072 .7895
Cond. * Act. 2 .008 .004 .213 .8095
Cond. * (Group) 39 .711 .018




Table for Square Root of Normalized High
source df Sum of Squares Mean Square F-Value P-value
Activity Level 2 .215 .107 2.057 1415
Subject(Group) 39 2.037 .052
Condition 1 .006 .006 .393 5343
Cond.* Act. 2 .018 .009 .569 5706
Cond. * (Group) 39 .625 .016
Dependent: Sqrt High Freq (nu)
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Table G.8
ANOVA Summary Table for Square Root of Low-frequency to 
High-frequency Ratio
Source df Sum of Squares Mean Square F-Value P-Value
Activity Level 2 1.171 .585 1.034 .3650
Subject(Group) 39 22.074 .566
Condition 1 .575 .575 2.302 .1373
Cond. * Act. 2 .003 .001 .006 .9944
Cond. *(Group) 39 9.745 .250
Dependent: Sqrt Symp/Vagal Bal
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Statistical Analysis of Mean Heart Rate
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Table H.l
ANOVA Summary Table for Mean Heart Rate
Scurce df Sum of Squares Mean Square F-Value P-Value
Activity Level 2 518.266 259.133 2.243 .1197
Subject(Group) 39 4505.730 115.532
Condition 1 217.608 217.608 97.149 .0001
Cond. * Activity 2 1.235 .618 .276 .7605
Cond. * Group 39 87.357 2.240
Dependent: Beats Per Minute
Table H.2
Cell Means for Mean Heart Rate
Condition Group N Mean Std. Dev. Std. Error
PRC Low 14 72.164 8.094 2.163
PRC Moderate 14 66.143 7.351 1.965
PRC High 14 69.243 7.005 1.872
CWCT Low 14 75.264 7.740 2.069
CWCT Moderate 14 69.143 8.105 2.166
CWCT High 14 72.800 7.687 2.054





















Figure H.l Activity Level vs. Mean Heart Rate
PRC = Paced Respiratory Control 
CWCT = Color-Word Conflict Test 
* = Main effect of the test condition (p<0.05).
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